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Organic Dependence and Disease: 


Their Origin and Significance. 


INTRODUCTION 


HE purpose of this essay is to set forth a basis of 
fact and reasonable inference bearing on the com- 
prehension of the control which governs the histor- 

ical origin of dependent and abnormal conditions in the liv- 
ing world. 

The facts and their interpretations, together with their 
higher intimations as here presented, are based upon pale- 
ontological knowledge, that is to say, biological knowledge 
with the added element of unlimited time through which the 
life factors have worked. These are prime factors; they 
together remove our subject and its conclusions from the 
field of purely modern biology. 

The knowledge we have little by little acquired in the spe- 
cial field indicated by our title does not as yet make a great 
sheaf and it is not likely that the facts, in spite of their pro- 
found interest to us, can have any immediate value in the 
application of remedial measures in the correction of ab- 
normal physiology. This statement is, however, not made 
without some reserve; a real clue to the inception of any 
abnormal physiology in nature must lead to interpretations 
of wide moment. 

For a good many years the writer has endeavored to 
gather together from the earliest assemblages of life on the 
earth as preserved in the ancient rocks, such organic re- 
mains as might shed light, not primarily on the introduc- 
tion of disease, as we loosely employ that term, but upon 
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the existence and earliest appearances among these ele- 
mentary expressions of life, of conditions which show an 
actual mutual dependence of creatures one upon another; 
that is to say, of the conditions commonly known variously 
as symbiosis, mutualism and parasitism. Such evidences 
are not easy to acquire among primitive forms of life as 
preserved in the rocks of the earth’s historic record, but 
persistent and long-continued search with the aid of a va- 
riety of special procedures adapted to the extraction of the 
peculiar character of the material employed, enlarged by 
the inspection of many great museum collections and joined 
with the help of generous colleagues and the special sup- 
port of the National Academy of Sciences, has resulted in 
even so much light on these significant paleopathologic 
problems as is here set forth. 

The writer desires to present his facts without embar- 
rassing detail and his conelusions without bias. In his own 
justification for both he may urge a long acquaintance with 
nature’s modes in the preservation of such materials in the 
fossil state and reasonable familiarity, based upon com- 
parative morphology, with the forms of life that go to make 
up the earlier faunas and floras of the earth. 

It will be observed, and special emphasis is put on this, 
that these chapters deal with the lower forms of life, the 
invertebrates among animals and cryptogams among the 
plants. The actual outstanding evidences of pathological 
and traumatic lesions among extinct animals of the verte- 
brate type are not comprehended within this discussion as 
such phenomena are registered only among faunas of the 
earth too late and too specialized for our consideration. 
Such lesions have been noted by several students of verte- 
brate paleontology and most interestingly brought together 
by Dr. Roy L. Moodie, whose investigations into the history 
of such registered conditions and of the possible effect of 
disease in the extermination of races of the higher animals 
through the later ages of the earth are very suggestive to 
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anyone concerned with the origin of our actual inheritance 
of specific pathological conditions.* 

It hardly seems necessary to premise that pathological 
conditions, or diseases, to speak specifically, are as much a 
matter of evolution as the human hand or the bird’s wing. 
The statement of so obvious a fact here would have seemed 
superfluous except for the sharp citation recently served 
upon his colleagues by an eminent physician, that ‘‘human 
maladies are but a narrow fringe along the border line of 
disease,’’? which would seem to intimate that repetitive 
emphasis may wisely be laid upon this statement. 

In the ancient rock formations and the life assemblages 
with which we are here dealing there are few of these 
higher creatures, the vertebrates, and among them speciali- 
zation in organs and function has gone so far as to becloud 
the record we are seeking to disclose. Here the effort is to 
take the simplest and least differentiated expressions of 
life conditions in their earliest appearance, before the hving 
world had become so inexpressibly complicated as it is to- 
day or so indelibly stamped by the accumulated heritage 
of boundless ages. It may be said that these investigations, 
which rest upon the certain results of the laws of life, lead 
the reflective mind into passages tangent to human con- 
cerns of high moment. 

We shall need for the immediate purpose a clear under- 
standing of what is meant by disease, as the term is here 
used. Our employment of the word is a rather loose one; 
probably no physiologist or pathologist would be satisfied 
with it, if indeed the term could be adapted to modern path- 
ological use. It has at best only a popular value and its ap- 
plication is without scientific exactness. Thus, tuberculosis 

1 Roy L. Moodie. 1916, American Journal of Science, v. 41: 530-31; 1916, 
Science, v. 43: 425; 1917, ‘‘ Annals of Medical History,’’ pp. 374-93. 

2R. G. Hecles. ‘‘The Scope of Disease,’’ Medical Record, March 8, 1913. 
The reader is also referred to Doctor Eccles’s other important papers in this 


field: ‘‘ Disease and Genetics,’’ op. cit., August 2, 1913; ‘‘ Parasitism and Nat- 
ural Selection,’’ op. cit., July 31, 1909. 
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is a pathological condition involving the normal growth of a 
living creature, the Bacillus tuberculosis. This condition 
is a disease only from the point of view of the host of the 
parasite, that is, of the sufferer. To the parasite it is the 
normal, though adjusted, mode of life. This, however, is 
an advanced and complicated example whose history, when 
worked out, must be determined on the basis of causes pro- 
ducing such adaptation of parasite to host, and the study 
of such adaptations must always keep in view the ease with 
which adaptations have constantly been and are constantly 
being made. Let us discuss this matter more at length. 


WHAT IS DISEASE? 


We must answer this question in terms of the original 
use of the word—disease is discomfort; it is thus the early 
Knghsh writers employed it and we must not forget this 
simple meaning which is not observed in common usages. 
But in the specific application of the term to physical dis- 
comfort we shall find Huxley’s definition broad and clear: 
‘“‘Disease . . . is a perturbation of the normal activities 
of a living body.’’ In this expression by the great Kng- 
lish physiologist there is a definite implication that disease 
means disorder of specific function, as we generally under- 
stand it. But the broader idea in this definition is clear; 
that disease is any departure from normal ving. It may 
be a departure in a single function or it may involve several 
functions of physiology; and such an abnormal condition 
may permeate so many functions as to create a general im- 
pairment or maladjustment of the entire anatomical ma- 
chinery. It is elementary, as well as scriptural, to say that 
seldom can one organic function become impaired without 
involving others, for no member of the body can say to 
another, ‘‘I have no need of thee.”’ 

There is, however, a still broader conception that we can 
draw from Huxley’s definition and which is of the first im- 


ORGANIC DEPENDENCE AND DISEASE 9 


portance for our purposes. It is this: That the entire body, 
organism or creature and the entire race or stock to which 
it belongs may become abnormal through subjection to an 
abnormal or perturbed mode of life. Such body, creature, 
race or stock is therefore in a state of disease. 

This condition has so frequently entered upon the life 
modes of the animals and plants as to form an essential 
basis of their classification and it is the mightiest single 
influence in the separation of them into grades of excel- 
lence. We hesitate to call such animals and such entire 
races of animals and plants ‘‘diseased,’’ but their mode of 
life is obviously disordered and we have no choice but to 
term it abnormal and consequent upon a ‘‘perturbation of 
normal activities.’’ Illustrations of this will presently be 
given. 


WHAT IS NORMAL LIVING? 


With the help of the hght drawn from a study of the 
early faunas of the earth, that is, the assemblages of ani- 
mals which were the first to people the salt waters of the 
ocean, we can find an answer to this question which I think 
would hardly be fully possible from the study of existing 
animals alone. Normal living, in the broad sense in which 
we desire to be understood, means full activity of an un- 
impaired physiology inclusive of the function of locomotion 
or mobility. This is not a very complete definition as it 
leaves out of consideration the primitive development of 
the locomotive function, which must have worked itself out 
gradually just as other organs have developed in response 
to the demands for their functions. Except for that, the 
definition does very well, and it implies that normal living 
means independent living; it means that every creature 
which is in itself a perfect physiological mechanism and 
has in itself the essential basis of progress in grade, in 
which lies any ‘‘hope of salvation,’’ must maintain to ma- 
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turity an independent life, whatever may happen to it in 
the period of its waning. 

- At the risk of stating our conclusions before we have 
fully marshalled the evidence, deductively, then, normal liv- 
ing is, in terms of biology, correct living, that is to say, 
righteous living, and in so far as dependence invades the 
mode of life whether in organ or individual, such living is ~ 
unrighteous, disordered and diseased; in better phrase, bio- 
logically, is without hope, for such perturbation or disease 
is beyond voluntary or casual rectification. These ideas 
apply not to the individual only but to the species, the race, 
the stock, even to the broadest divisions of life, the sub- 
kingdoms themselves. 

In speaking thus of dependent life as an expression of 
perturbation of function, it is easy to fall into misappre- 
hension, for in writing on the subject of parasitism the 
mind of the reader is likely to turn involuntarily to the 
overwhelming invasion of all the earth by protozoan and 
protophytic parasites, parents of ‘‘germ diseases’’ and in- 
festations, sponsors for the deadly assaults upon humanity 
whose victims count up more than all other causes of death 
combined. We shall presently endeavor to indicate the ele- 
mental and historical differences between such unicellular 
parasitism and metazoan parasitism; the latter involving 
the mutual somatic relations of multicellular differentiated 
and well-defined animals or plants. The présent statements 
are made with special reference to metazoan dependence. 


THE MEANING OF ABNORMAL LIVING 


From the world about us volumes have been filled with 
examples of these departures from the normal mode of liv- 
ing. It is safe to say that a vast majority of all life of the 
world is permeated by this loss of original excellence, which 
1s, In more explicit terms, a condition of dependence and 
degeneration. We can not get a more impressive conception 
of its effect throughout all nature than in its elemental ex- 
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pression; the primary division of the whole kingdom of 
life is based upon the interpretation of this fact. Let us 
consider the plant world, the trees of the forest and the 
lilies of the field. They are clothed in a majesty and beauty 
before which the attainments of the animal kingdom pale. 
In the earliest life ages of the world, the days that geolo- 
gists have called the Proterozoic, the multicellular progeny 
of the earliest unicellular beings whose simplest beginnings 
we are slowly coming to know, determined through adapta- 
tion the entire subsequent course of life upon the earth. 
With our present understanding I believe it safe to say that 
the career of the life record on earth was laid down, ‘‘con- 
ceived in the lowest parts of the earth,’’ when some of these 
progeny found it to their material advantage to anchor 
themselves and to draw sustenance out of the soil or sea 
bottom where they stood, while to others fell the lot to seek, 
or being of more pronounced excitation and reaction, chose 
to seek their food from place to place. Those became de- 
pendent, the latter retained their independence; and there 
_ eame the great cleft in the world of life, a cleft so deep and 
so enduring that time has had no power to heal it. A great 
tree may well be of more service to the community than a 
man, some human derelict, but a tree will never become a 
man, nor anything else than a tree. In all the bewildering 
developments of the plant kingdom in which we find organs 
and fluids for the digestion of flesh, organs of special sense 
implying a nerve system that yields to and perhaps inter- 
prets the impacts of touch and of light, functions which 
have led undisciplined philosophers to the fancy that this 
apparent assumption of special functions indicates a refine- 
ment of anatomy which approaches the bridging of the 
abyss between plant and animal, the plant in its most im- 
pressive attainment still remains anchored and rooted, 
sometimes tossed about or floated by the waters but essen- 
_ tially devoid of independent motion. 

The significant fact, supported by the most tangible and 
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obvious of evidence, of the primitive divergence of the two 
great subkingdoms of life, lays elemental emphasis on the 
distinction between normal independent living and abnor- 
mal dependent living; between what we may with perfect 
propriety term, in biological sense, right living and wrong 
living. Out of the first of these groups have come all the 
great triumphs of life; the races of life which, by keeping in- 
dividual and racial independence, have persistently climbed 
upward. The second group has been hampered and rooted 
from the beginning, hopeless of ever throwing off its chains 
or of arriving at any end beyond a certain refined functional 
specialization within its own limitations. The giants of the 
redwood forests are the hoary and venerable obelisks of 
power shackled beyond redemption; the gardens of flowers 
are blossoms of a hope never to be attained. In any sound 
philosophy of nature this great fact, even though its in- 
ceptive cause is still veiled to us, must lie close to the base 
of all deductive reasoning. Lest these sentences be sus- 
pected of a teleological taint, let me express the conviction 
that, in any interpretation of such phenomena as those here 
considered, the materialistic formulas of adaptation and 
subjection to environment give way to recognition of pur- 
poseful activity which can be interpreted only in terms of 
psychology. 

As there are evidences of limited freedom in the plant 
world (as in the amoeboid movements in the Slime-fungi, 
the Flagellates and many Bacteria) so, by contrast, the ani- 
mal world is shot through with races of dependent crea- 
tures, and in so vast degree that it may safely be said the 
foundation races of animal life, the invertebrates, have in 
greater or less measure fallen by the wayside in the course 
of their journey through the ages; few indeed have kept 
to their charted course and to these few, linked together 
in the successive ages of the world, following one upon the 
heel of another, we owe all the enduring progress and at- 
tainment which our present life has reached. 
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On this point our present knowledge permits us to lay 
emphasis, namely, that on the whole, in the survey of the 
earth and the sum total of its multitudinous and inconceiv- 
ably variant groups of life, there has been a strong mini- 
mum, a redeeming minority, of competent upward evolu- 
tion; and wise students of nature, in reflecting on this 
thought, have broken out into exclamations of wonder and 
amazement at the slender thread of chance by which we 
who call ourselves men have come to this estate, in a world 
where for millions of years the temptation to the easier 
way and the obstacles to independent living were con- 
stantly against us. 

Let us look at a most common illustration of the general 
fact of dependence among existing races of animal life, of 
very ancient ancestry. The oyster is early attached firmly 
to the sea bottom, to the rock or to the shell of a brother 
oyster and never stirs from its moorings for the rest of its 
life. It opens its hard valves a little way to let its servants, 
the food-bearing water currents, deliver their nutrient 
supplies and it defends itself in the struggle against en- 
emies, not by standing out in the open and meeting force 
with force but simply by closing its doors and shutting itself 
up in its calcareous caisson. To the attacks of sharp- 
toothed fishes and the relentless starfish the oyster has lit- 
tle defense. The nonresistant, flaccid, pacific creature 
within, fully equipped with the organs of special physiol- 
ogy, 1s essentially the same in habit as he was those millions 
of years ago when the oysters began to show themselves in 
the salt waters of the Carboniferous age. The knell of its 
progress was struck when first it settled down to a fixed 
immobile existence and, hopeless as the ox, the future holds 
for it no promise of improvement. And yet even today the 
embryo oysters have a brief period of locomotive freedom, 
proof enough in the laws of ontogeny that a free life was 
once the ancestral condition of the race. With the oyster’s 
cousin, the clam, the ease is similar; less degenerate in phys- 
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iology than the oyster and very rarely attached solidly to 
the sea bottom, yet the same degenerative effect upon the 
‘animal has been produced by burying itself in the mud with 
only the tips of the valves or a pair of fleshy tubes extruded 
upward to reach the moving food supply in the water cur- 
rents, while the burial helps out in large measure the de- 
fensive purpose of the solid armature of the shell. The 
clam is a much older creature than the oyster and in specific 
functions it has, broadly speaking, degenerated less, but it 
serves to bring out the important fact that the habit of 
burial in the mud, from which it does not easily release it- 
self and never for long, is tantamount to fixation and in- 
volves the organic stagnation in which these creatures have 
lain for ages which can not be counted. This is hardly the 
place in which to restate well-known paleontological facts, 
but such cases as these and the extensive catalog of like in- 
stances must serve to remind us that such adjustments, 
early formed and perduring through the ages, have been 
attended with the least possible variation in proportion as 
the adjustment is perfect. The longest lived of all crea- 
tures, then, are those which have lived in most perfect 
adjustment and in which therefore readjustment is most 
hopeless. 

We have very direct evidence of the early formation and 
long endurance of specific habits of life in these adjusted 
dependents. The starfish of the Devonian age fed upon con- 
temporary mollusks in the same way and by the same mode 
of attack that the starfish uses today upon the oysters of 
Long Island sound; surrounding the tightly closed valves 
with their strong-armed rays, pulling steadily against the 
strained muscle contraction of the mollusk until the weary 
shell-fish, muscularly tired out, gives up, the valves relax 
and open and the extrusive maw of the radiate enters.* 


1 Clarke. Jour. Acad. Nat. Sci., Philadelphia, v. 15, 2d ser. Centenary num- 
ber. 
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PROTECTIVE COVERING A BASIC FACTOR 
IN DEPENDENCE 


A knight in armor is a protected fighter and by his pro- 
tection increases his viability. A man ‘‘on his own,’’ who 
fights with his ‘‘dukes,’’ risks his viability but nevertheless 
increases his physical vigor and exalts his bodily prowess. 
A recent writer on the morale of our army in France brings 
out the fact that a man who could defend himself with his 
fists made a better soldier than the one who depended alone 
on the weapon he carried in his hand. 

Nature has given to a large part of the animal world one 
or the other of two solid supports for the soft organs and 
flesh of the body; an inside skeleton, like that on which our 
own soft anatomy is hung, or an outside skeleton or shell, 
to which we may here give special attention. I have used 
the expression, nature has given, meaning that the neces- 
sity of support to the body having early shown itself, such 
supports developed in response to external impacts and 
internal stresses; the historical course of development of 
these calcareous supports makes the fact sufficiently obvi- 
ous that they are a determined sequence and not a chemical 
reaction or a casual device. 

A rhizopod, a speck of soft protoplasm with the mar- 
vellous special function of eliminating the silica from its 
solution in the sea, exudes this mineral matter in the 
form of an outside shell of wondrous delicacy and sym- 
metry. The unprotected soft tissue in the primitive ances- 
try of all the great tribe of the Mollusea or shell-fish, tossed 
haphazard on the sea bottom and hopeless against attack 
except through concealment or powers of rapid self-propul- 
sion, acquires the special function of eliminating from the 
sea the salts of lime, carbonate or phosphate, and with them 
builds up its outside shell. We have just noticed that even 
today the young of such hard-shelled mollusks, in stages 
when their shells are but beginning to grow, are free swim- 
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mers for a while; their ontogeny or individual history here, 
as often, reflecting the successive phases of development 
through which their entire race has come. 

This ontogenetic fact referred to is so generally repeated 
in other groups of the lesser animals that it may safely be 
said of all which live their mature life encased in shells or 
moored to other objects, that it is in their infancy alone 
their normal life is expressed, and we know as well that the 
pervasion which has set in to change a life of freedom and 
independence has likewise set up changes of anatomy and 
physiology which make the mature creature only the more 
dependent by adjustment to his abnormal life. The de- 
velopment history of the individual is an important record 
for interpreting the status of that individual, whatever kind 
of creature he may be. The boy is father to the man in a 
very true sense when we apply it to ourselves or to any ani- 
mal that keeps its independence throughout life. But the 
boy, the young, the infant stage, is the only faithful reflec- 
tion of the dignified past in the case of such creatures as 
have lost their grip on normal living and have resorted to 
the sheltered life. 

With these statements of cause and effect it is easy and 
natural to ask and answer once more that venerable ques- 
tion whether the perfection of life lies in the perfection of 
adjustment. Independent living, freedom of locomotion 
and range expose the individual to ever new dangers. 
These the individual must quickly overcome or outwit; 
otherwise succumb. The choice is quick, imperious and fi- 
nal. To live is, for such independent creatures, an escape 
or a victory. To call it a ‘‘struggle’’ for existence is to 
designate it subjectively but very often it is exactly that, 
a quick reaction of refined innervation or ‘‘wits,’’ of the 
weak against the strong. But to the larger problem, that 
of those which have sought and found the easier way and 
which have snuggled into personal comfort, as contrasted 
with the struggles of the pathfinders of creation, there are 
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many angles of approach. The common clam is the perfect 
adjustment; buried in the mud and fortified by its coat of 
mail it is difficult to find a creature better adapted and pro- 
tected. It is a natural sequence, then, that the race of clam 
has abounded in all the seas since almost the earliest ages. 
Again, the pea crab hides himself in the living oyster, and 
the hermit crab backs himself into an empty conch-shell or 
periwinkle, hiding away his soft degenerate abdominal 
joints and tail and using the mouth of his bombproof for of- 
fensive as well as defensive purposes. Neither of these in- 
quilines comes out; neither would dare to expose his soft- 
ened mature body outside; but his adjustment is competent 
notwithstanding the fact that he is a degenerate whose an- 
cestors were hard-shelled and who, succumbing to the out- 
side struggle, found this protection inside the shells of the 
mollusks. The paleontologist Ruedemann has beautifully 
shown that far back in Ordovician time or earlier, the acorn 
barnacles, whose hard-shelled descendants of today coat 
the submerged reefs of the sea and the hulls of befouled 
ships, were derived from the free-swimming crustaceans of 
the phyllopod type, through attachment by their backs; a 
process which seems to have started first as a partial burial 
of the carapace, leaving the food-grasping organs and 
sills exposed above the mud; eventually becoming an actual 
solid fixation because of the distinct advantage in protec- 
tion and ease of feeding which the animal had discovered. 
Lateral stresses, Ruedemann thinks, the play of the cur- 
rents against the carapace and the strains against its side 
walls, developed the sutures which divide the peculiar shell 
of the Acorn barnacle. The other great class of barnacles, 
Lepas, or the commonly known Goose barnacles, whose clus- 
ters are found today in places where the other barnacles 
grow, seem to have had a like origin at a like period of 
earth history, through a cementation, not by the back of the 
phyllopod ancestor, but rather by its head. These are most 
venerable degenerates of most adequate adjustment. They 
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started so many millions of years ago that a half of the 
whole period of life on earth has passed over their degra- 
dation and the whole race to which the barnacles belong, the 
entire class of cirripede crustacea, have taken this course. 
With a thousand like cases, they speak only of extreme | 
adaptation of their physiology to their adjusted require- 
ments. Substantially protected, their longevity has been 
thereby ensured. We do not need to raise the question as 
to whether these protected and adjusted creatures have 
been the source or starting point of any progressive de- 
velopment in the animal world, for they are, as we have 
said, the most obvious degenerates, out of which nothing 
better has been derived and from which nothing can be 
hoped for; on the contrary, which are moving slowly under 
their protection into an ever more hopeless state. Exam- 
ples quite as explicit in their teaching permeate the more 
progressed groups of life. Here we are dealing with the 
simple and less specialized because in them the laws of life 
can be read most clearly. 

It would be trite to say that a perfectly adjusted life is 
an unprogressive one. The adjusted life makes for con- 
servatism and reduces the chances of variation to its lowest 
terms. It stabilizes the organism in all its physiology; it 
anchors the type. Speaking for the moment in higher terms 
for the individual the adjusted life is likely to carry with 
it the highest content of happiness. To progress in or- 
ganic development it is the undeniable foe, but to the con- 
servatism of intellectual and spiritual ideals the undoubted 
friend. In the reading of this law of adjustment we must 
estimate its worth in terms of the end subserved. 

Today the world is rattling with uneasiness; it has en- 
tered a period of explosive evolution in human ideals di- 
rectly comparable to the compulsions which again and 
again in the history of life have brought quick climaxes 
and acute outbursts of culmination after slow ages of ac- 
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eumulating dynamism. The parallel is a true one. The 
insects branched into being from out of the scorpion stock 
of the early Paleozoic age. Slowly they made their way 
ahead, attaining the endowments of agility which life in the 
air imparts; quick nerve reaction and refinement. Sud- 
denly today they have reached a point where their intense 
vitality is an actual menace to the mammal life on the earth, 
whose future salvation seems in no small measure to be up 
in the air between these insects and their aérial enemies, the 
birds. The great reptilian bubble swelled up and burst in 
the days of the Jurassic and Cretaceous periods, leaving 
behind a few crocodiles and lizards for today, and that great 
agile race of highest variability—the birds. The alligators 
and salamanders and their scattered kin alone retain the 
type of structure so painfully worked out through the long 
ages before the days of the collapse and there is no chance, 
not the faintest promise in the history of Nature that she 
will, in such an earth as has now come into being, again 
experiment with this type of structure. Out of the crash 
of the reptilian overgrowth and extravagances only the 
birds seem to have emerged with a promise still ahead. 
Our own stock, the line down which we have come, travelled 
clear of these excesses in development, and while the rep- 
tiliian blood is in mankind it is not that of the reptilian cli- 
maxes, the dinosaur or the brontosaur. It is the surest 
thing that the minorities of those ancient days saved the 
day for us. And in the convulsion of ideas which has burst 
upon the present world through the lifting of the lid to 
pent-up and restrained bizarreries of impulse, there wili 
remain behind, if Nature is true to her standards, a stal- 
wart conservation of the type, minority though it may be, 
which has been worked out through the ages and in which 
must lie the enduring germ of future advance. The froth 
is a scum of bubbles, the relief of a tension it is well to be 
rid of. 
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The Proper Understanding of the Shell or External Skele- 
ton. It is well recognized throughout the evolution of or- 
ganic beings that a feature acquired as an advantage in the 
fight for existence is easily carried beyond the point of ad- 
vantage into a disqualification or obstacle in the same strug- 
gle. The elephant’s tusks, the narwhal’s horn, the moose’s 
antlers, the sabre-toothed tiger’s canines, bony collars and 
dorsal crests in the ancient reptiles, stony spines on head 
and body in infinite variety among invertebrates, are ready 
representatives of this fact. It is specialization-develop- 
ment carried from usefulness into disadvantage. The hard- 
ening of the outside coat of primitive organisms or the cre- 
ation of an external shell was, in its inception, a definite 
protective advantage so adjusted by secretion that it could 
not impair the activity of any function. In many of the sim- 
pler expressions of life, the Radiolaria, the Foraminifera 
and sponges, these mineral deposits were not permitted to 
interfere with the easy movements of the protoplasmic or 
simple cell contents, and so if the scattered mineral parti- 
cles became united into a solid framework, there were defi- 
nite openings and holes left for such movements. As net- 
works of minute rods or stars or little burrs, or in other 
forms of beauty and symmetry, built up by an unexplained 
directive process, the mineral matter is often disseminated 
through epithelial or epidermal walls, as in the sponges, or 
compactly joined together into definite continuity, as in the 
corals. The starfish and the crinoids have aggregated the 
skin deposits about centers out of which growth has often 
developed solid plates which press against one another 
without uniting and so produce a covering with some de- 
gree of elasticity. 

In the type of external skeleton shown by the mollusks, 
to which we have referred, the clam, the snail, the nautilus 
and their allies, the epithelium or mantle builds up by spic- 
ular calcification a hard continuous covering which actually 
embraces or is competent to embrace the entire animal; an 
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impenetrable and typically unjointed armor.t With them 
is to be grouped the vast army of brachiopods which | 
thronged the early seas of the earth, a group whose or- 
ganic station has been much debated, whose historic posi- 
tion and anatomy separate them too widely from the mol- 
lusks to justify speculations as to their descucrabion or 
derivation from that stock. 

This form of protective covering represents almost the 
extreme of defensive personal armor; a complete adjust- 
ment accompanied by, or resulting ra a stabilized inheri- 
tance. All groups of the Mollusca have not permitted this 
development to go to so great an extreme as in the lamelli- 
branchs, or clams, for the snail and the nautilus travel about 
carrying their coiled shells with them, quick to withdraw 
into them whenever danger comes and often to close the 
door behind with a shelly plate or hardened skin. Squids 
and cuttlefish, late representatives of the nautilus stock, 
have followed a divergent path in this development by 
which their outer shell has been enfolded within the body 
substance. These creatures, too, maintain an active mo- 
bility, flying like darts through the ocean waters. Ptero- 
pods, a very ancient and active molluscan type, and the 
translucent scaphopods are the surface swimmers of the 
deep seas. Both carry light external shells and all these 
together seem to portray the result of long struggle against 
the general enchainment of their class and to typify in a 
measure what the Mollusca might all have been had not 
subjection of close encasement been sought or thrust upon 
them. Among them all, the most palpable change, progress 
and variation of expression are within the active groups. 

A very much less seclusive body-cover was developed by 
the great group of articulated animals, the Arthropods, 
represented by the shrimps, crabs, lobsters and insects. In 

1 Except chiton and such multivalvular mollusks, whose articulated shell ap- 


pears to be a response to the coiling habit which the animal had in much the 
' same degree as the trilobite and the sow bug. 
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simplest expression such animals are constituted of a suc- 
cession, from head to tail, of a series of transverse body 
segments, each of which is to be interpreted as a somatic 
unit. Specialization among these somatic elements early 
appeared by adaptation to definite functions, and advance 
in specialization was followed by coalescence of the an- 
terior segments as we see them in the carapace of the lob- 
ster or the head of the trilobite. But regarding this type 
in its inception, we have to deal with a repetitive series of 
elementary like parts, comparable only to and probably 
derivable only from the ancestral segmented worms. The 
epithelium of this group was so vitalized that it could elim- 
inate from the water carbonate and phosphate salts of lime, 
combining with them a certain proportion of organic mat- 
ter which may have been in part derived from the epithe- 
lum itself. Thus we find the members of the group for the 
most part thin-shelled, with the shelly cover of plates deli- 
eately jointed one with another, so that the motion of the 
parts, except for such as are fused together, and of the ap- 
pendages of the parts, similarly covered and jointed, is in 
no way impeded. And in the normal expression of these 
creatures there is no impairment of locomotion. 

This is a protection by an exoskeleton which is a per- 
fectly advantageous adjustment, as it involves no interior 
constraint of organic function. The arthropods may put 
on an infinitude of shape and be found adapted to all media 
of life; they may present innumerable expressions of ex- 
treme degeneracy, subservience and adapted solid protec- 
tion acquired by boring or burial; but in all these conditions 
the type of epidermal protection is not fundamentally 
altered. 

The external shell on any creature, whether snail or sol- 
dier, is then a structure which, in the idea and the inception, 
helps, not hinders, in the fight against untoward conditions. 
Kept in subjection to the high function of locomotion, it has 
accelerated and helped to ensure progress. Used intem- 
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perately and in easy surrender it has exceeded its first pur- 
pose and finally walled up its owners against a fighting 
chance for improvement. 


STABILIZATION, LONGEVITY AND DISSOLUTION 


Over and over again in the history of the earth we find 
the evidence of a methuselan stability among living crea- 
tures, usually shown in definite species but sometimes per- 
meating an entire assemblage or fauna. Ruedemann has 
shown in great detail the extraordinary number of conser- 
vative types or ‘‘radicles’’ which have been perpetuated 
through the geological ages. It is a remarkable role of de- 
linquents.* 

Such illustrations as these will serve: There are the pro- 
toplasmic Foraminifera which appeared in the Ordovician 
and Silurian and have kept their generic characters over 
the lapse of millions of years, to the best of our knowledge, 
into the present seas (Saccamina, Lagena, Nodosaria). The 
brachiopod Lingula lives abundantly in the existing seas; 
its life began in the early Ordovician, and though students 
of this group believe they see some divergence in structure 
between the ancient and the existing Lingula, yet the type 
is but slightly altered and the line is unbroken over this 
enormous range of the ages. The brachiopod Crania has 
had a like career, and another brachiopod species, Leptaena 
rhomboidalis appeared in the Ordovician seas and con- 
tinued as a specific type through the Silurian, the Devonian 
and Carboniferous, thus caught in the world-wide conti- 
nental disturbances which brought to its close the long 
Paleozoic era. It varied indeed within limitations but re- 
tained its essential specific characters without dissolution 
for a period probably ten thousand times as long as the 

1R. Ruedemann. ‘‘ Paleontology of Arrested Evolution’’; Presidential ad- 


dress before The Paleontological Society. (N. Y. State Mus. Bul. 196, 1916, 
pp. 107-34.) 
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Christian era. It would be only a long guess to tell why 
Leptaena rhomboidahs lived long and was more quickly 
adaptive than others of its congeneric associates. Not a 
feature of structure observed or deducible points to the ex- 
planation. Another brachiopod, Atrypa reticularis, lived 
through the millions of years from the Silurian into the 
Carboniferous with but indifferent modifications of its 
specific type. Some paleontologists may say that these 
statements fail to recognize the chronologic differences in 
these stabilized types, and that to identify living Forami- 
nifera, for instance, with those of the Mesozoic and of the 
Silurian is hasty and incompetent. It is an a prior state- 
ment without demonstration. For the brachiopods at least, 
the Lingulas, the Leptaenas, the Atrypas, the fact remains 
after careful scrutiny that the differences have not proved 
permanently translatable in terms of time and change, are 
hence negligible, and that other distinctive generic names 
that have been applied to them are not of much account. 
These are long-lived creatures, and, while exceptional in 
their longevity, we must try to realize that by virtue of 
structural and functional constitution they acquired an ad- 
justment or resistance to change which made them as nearly 
permanent and as completely stabilized as life, it would 
seem, can ever become. Their endurance without change 
can be expressed only in millions of years. Armored or 
protected, they were the more competent for this long life. 
But even Methuselah died, and Leptaena rhomboidalis died 
at last, as a species, through some revolutionary malad- 
justment which would no longer permit its endurance. 
These are patriarchal life periods; but for the multitude 
of species of the past that have kept their characters un- 
altered through a single geological system or a major sub- 
division of it, we must think of their days in thousands of 
thousands of years and not in any terms of easy concep- 
tion that we might use in our conventional expressions of 
time. 
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There is also a stabilization that affects an entire fauna 
when the members of the assemblage are all in balance with 
their external and internal control; and so a single fauna 
may endure for a long period without change of complex- 
ion. Thus the invertebrate shelled fauna of the Mississip- 
pian or Lower Carboniferous marine limestones which 
spread over Colorado, New Mexico and northern Texas, 
shows such uniformity of character through a very long 
lapse of time; and in the Middle Devonian Hamilton period, 
when shallower water prevailed, there is a similar continu- 
ity of organic character without variation, throughout 
nearly a thousand feet of shale which must represent a 
period of many thousand years. The fauna must, however, 
eventually succumb, that is, yield by evolutionary or intrin- 
sic variation, or by extrinsic change; shallowing or deepen- 
ing of the sea, change of climate, a hundred outside influ- 
ences, to its surroundings; just as many of the long-lived 
species must yield, or at any rate have yielded, to a resist- 
ance too great even for their conservatism to overcome. It 
is again to be emphasized that it is protected, encased and 
unmobile life alone that achieves such long endurance; the 
conservative and sheltered types. The mobile and locomo- 
tory animals have at no time in the earth’s history evinced 
long life without change. 

These conclusions are so well established that we may 
rightly look to them for light upon the interpretation of 
certain tendencies to rest and unrest, conservatism and im- 
pulsive change, in human society, and while it may not seem 
very appropriate to speculate on the further bearing of 
this theme, it must be said in looking back over the field of 
organic history, that the value of the product must be in 
terms of the worth of the type conserved or broken; that 
is, worth in the sense of highest attainment in functional 
grade and in the approach to mentality. In such a sense a 
lobster is better than an oyster because it is of a vastly 
more refined grade of structure; and though the oyster has 
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had the longer life, its type was locked up almost from the 
start, and except for the lesson it teaches of stagnation and 
decline, we might say, without impiety, that its conservation 
has been a waste of time. And it is a type, too, that was 
won, not by the arduous struggles of the ages, but arrived 
at early and with ease. Therefore its lessened worth. 


DIVISIONS OF GEOLOGICAL HISTORY 


We cannot well proceed with this discussion without a 
succinct statement here of the stages of geological history, 
in which special emphasis is laid upon those earlier di- 
visions with which we are especially concerned. The table 
that follows is a condensed one of standard acceptance; it 
begins at the top of the latest life-bearing rocks and ends 
with the oldest. As to the estimates of time represented 
for the deposition of these sediments and for the existence 
of the life of the earth, this must be said: Ten years 
ago there was considerable variance of opinion be- 
tween the physicists who were estimating the age of the 
planet on the basis of the external disturbances to which it 
was subjected in our planetary system, and the geologists 
who sought to approach this problem from measurements 
of the rate of deposition and erosion of water-laid sedi- 
ments; but a conservative conclusion had been provisionally 
attained which was tacitly accepted by most geologists as 
somewhere between sixty and one hundred million years 
for the sum of all water-laid rocks and perhaps from forty 
to sixty million years for those rocks which still carry the 
obvious remains of life. Since the discovery of radium and 
with a growing understanding of the significance of radium 
decomposition and radio-activity these estimates have been 
enormously outstripped, so vastly indeed that the very size 
of the figures seems to put them under suspicion. The time 
element in this is still a factor of much discussion and 
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TABLE OF GEOLOGICAL DIVISIONS ADAPTED TO NORTH AMERICA 


ERAS AGES PERIODS 


CHARACTER OF LIFE 


Psychozoie Recent 


Rise of intelligence and age of man. 


Pleistocene 


Quaternary (Glacial) 


Successive glaciation, wide extinction 
of life through cold, followed by quick 
readjustments and rapid evolution. 


enozoic : 
C Pliocene 


Miocene 
Oligocene 
Eocene 


Tertiary 


The vertebrate stock approaches phys- 
ical culmination; obscure mammals 
achieve the erect position. The earlier 
mammals are of simple type. 


Upper 


Cretaceous 


Lower 


Diminutive and primitive marsupial- 
like mammals continue to the close of 
this period and start upon a specific 
upward progress. 


The great reptiles are becoming fewer 
after having governed the earth in 
infinite variety. 


Mesozoic 


Jurassic 


The reptiles at maximum development. 
In the period of their earlier and more 
plastic expressions birdlike reptiles de- 
veloped and started the race of birds, 


Triassic 


Permian 


Carboniferous 


While their origin-stock is represented 
by the primitive dinosaur reptiles. Here 
are the first traces of the mammal stock. 


Climax of Cryptogamous plants. Land 
reptiles and Amphibians fully estab- 
lished. Stalked Echinoderms (erinoids) 
at their maximum. 


Devonian 


Culmination of lung and armored fishes 
and primitive sharks. Beginning of 
forests. 


Paleozoic ae 
Silurian 


Scorpionlike arachnids (Eurypterida) 
at their maximum. 


Ordovician 


Cambrian 


Reign of invertebrates of all stocks, 
largely affected by dependence and loss 
of function except in Cephalopod mol- 
lusks and Crustacea, but locomotive 
independence was more generally re- 
tained in the older faunas. 


Proterozoic 
and 
Archeozoie 


Worms, Radiolaria, Cale-algae, Bacteria. 
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study; it is too soon to determine its value and to discuss 
it here is inappropriate, but we must at least grant to these 
suggestions the probability that we have heretofore greatly 
underestimated the time required for the upbuilding of the 
fossiliferous rocks and for the evolution of life. In terms 
of millions of years time becomes incomprehensible and the 
sum total, whatever it may be, must be regarded as com- 
petent for all the evolutionary processes of life and work. 


INDEPENDENCE OF THE FIRST FAUNA 


We still stand in ignorance of the real primitive or in- 
ceptive fauna of the earth, and when we use the expression 
‘first fauna,’’ it is with the reservation which absence of 
facts compels. We may speak freely, however, of the first 
fauna known to us and with a fulness of knowledge that 
justifies, in good measure, deductions regarding the nature 
of its ancestors upon earth. The fauna of the Cambrian 
system represents to us the actually known first fauna, for 
evidences of organic life in the rocks before and below 
the Cambrian are desultory though positive. While we are 
considering the special nature of the Cambrian fauna from 
the point of view we have here taken, let it be not forgotten 
that this so-called ‘‘first fauna’’ must have been millions 
of years in the making, worked out by the slow and arduous 
advances with which first steps have ever been taken in the 
course of nature. Our ‘‘first fauna,’’ then, is also the prod- 
uct of the ages; and in spite of its complexion of simplicity, 
the entire absence in it of the vertebrate type and of what 
we are wont to regard the more progressed of its inverte- 
brate types, specialization in anatomical structure is per- 
haps, in view of our expectations, the most obvious fact that 
it sets forth. Let us keep this important fact in mind as we 
study its composition with reference to independent and de- 
pendent life. 
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GENERAL SURVEY OF THE CAMBRIAN FAUNA OF 
NORTH AMERICA 


The present registry of described species is now about 
1200, and they range from algae to crustaceans and anne- 
lids. This statement fairly represents the span of life in 
this fauna. It is a reach from an expression of perfect 
function with minimum of structural differentiation, as in 
the sponges, to the specialized organic structure of the tril- 
obite. 

Of the 1200 species; one-third (373) are brachiopods. 
Brachiopods are animals which we believe to be derived 
from a stock similar to, or identical with, that out of which 
the worms have come; and it is quite certain that the long- 
lived ‘‘inarticulate’’ brachiopods represented by Lingula, 
retain pretty definite annelid resemblances. A vast num- 
ber of Lingulas occur in this fauna and their form of at- 
tachment, if comparable with the lhving Lingula anatina, 
was like that of many contemporary worms—a burial in the 
mud, rather than a fixation to the sea bottom. The great 
array of Cambrian brachiopods presents at maturity a min- 
imum of fixation by means of the pedicle, which was an 
organ not homologous with the byssus by which the mussel 
shells are attached but an adapted organ obviously of a 
different original function. Throughout the later Paleo- 
zoic story of these brachiopods, attachment by the pedicle 
was easily surrendered, and solid fixation by the substance 
of the shells easily assumed. The fact is to be emphasized 
that the brachiopods are a distinct order of creatures with 
no affiliations with the Mollusca and none except in sem- 
blance with the Molluscoida. 

Of the Mollusea which swarmed in the Posteambrian seas, 
but few had then been developed or at least have been regis- 
tered: less than 10 per cent of the whole fauna, and but 3 
per cent of these are of the dependent type of the oyster 
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and clam. ‘The rest are free (gastropods 39, pteropods 
32 species). The sponges of the Cambrian are as yet in a 
large measure undescribed but the material in the collec- 
tions made by Dr. Walcott from the Burgess shale indicates 
the great abundance of the silicious sponges, while they re- 
tain a simplicity of form which is in contrast to the pro- 
eressed species of the Devonian. 

With the foregoing we may contrast the great outstand- 
ing army of independents—the Crustacea. Of the trilo- 
bites there are 502 species and of the Eucrustacea, the prim- 
itive shrimps, 89 species—together constituting one-half 
the entire list of described species of the fauna. These 
creatures were all elaborately innervated and highly loco- 
motive throughout their entire life, and their anatomical 
and functional structure was a very advanced attainment 
in specialization. Such an enormous development of the 
single type of structure represented by the trilobites, which 
were here at the climax of their entire career on earth, gave 
material and opportunity for different degrees of progress, 
delay, decline and reversion, all of which are to be estimated 
in the construction of a true classification of the great 
group. No adequate conception of their specialization can 
be obtained without a study of the restorations of their ven- 
tral anatomy as shown by Neolenus, a late member of this 
Cambrian or ‘‘first fauna.’’ This has been restored by 
C. D. Walcott on the basis of specimens collected by him in 
the Middle Cambrian of Burgess Pass, Alberta. The trilo- 
bite has maintained throughout its individual (ontogenie) 
and race (phylogenic) existence, complete freedom and full 
locomotor efficiency. And if this is true of them it is a 
fortiorc true of the Eucrustacea’ of this fauna of which 


1 These Eucrustacea are creatures which to the casual observer show evident 
relationship to the ‘‘shrimps.’’ It is interesting to a paleontologist to observe 
the unconscious solemnity with which biologists familiar alone with evident 
structures in the vast group of living arthropods or jointed invertebrates, and 
their classification, debate with themselves the position and affinities of these 
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Walcott has brought out a most impressive number and 
variety. 

As to the annelids or worms, speaking in broad and 
familiar terms, while the number of species actually rec- 
ognized from the preserved parts is comparatively small, 
yet the rocks of this age are voluminously marked with 
their trails and borings, and we must conclude that these 
soft-bodied creatures were abundant. Deductively they 
must have been, for on evidence quite independent of fossil 
remains we look to these simply segmented creatures, or to 
some radicle constructed on a like pattern, as the starting 
point for several of the differentiated groups of the 
Cambrian; the specialized, partly stabilized and partly 
retrogressive brachiopods, the progressive crustaceans, and 
perhaps the echinoid holothurians and cystids. The worm 
radicle must therefore be very ancient and we have reason 
and evidence to predicate its abundance in the faunas of 
Precambrian time. 

Here then, in essence, we have the significance of the 
Cambrian fauna in terms of its abundance and independ- 
ence, retreat and advance. It enters later geologic stages 
of existence equipped to carry forward its great dependent 
groups to further expansion within the restraints of its in- 
duced limitations and a specialization into more perfected 
adjustments but without hope of any advance that will im- 
prove the grade of life; and to direct its independent 
groups, its segmented annelids, trilobites and crustaceans 
upward with the promise of quick developments which are 


ancient creatures to those now living and their proper place in the scheme of 
living things; forgetting or overlooking the fact that these designs are un- 
reckoned millions of years old and are in truth the parents of all such conjec- 
tures. They antedate classifications and the objects classified. Governor Wil- 
liam Bradford, of the Plymouth colony, must have at least ten thousand living 
descendants in this land of ours, rejoicing under various patronymics which 
time and marriage have brought. To which does the old progenitor now be- 
long, Smith, Jones or Robinson? All alike may claim him. 
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to advance without restraint into higher but more transi- 
tory organisms. 


THE CAMBRIAN FAUNA GENERALLY 


The known Cambrian fauna of North America is repre- 
sentative of the total life of that age, as its lists are twice 
the size of all from the rest of the world. The additional 
species from Europe, Asia, Australia and South America, 
in which the proportions of immobile and mobile organisms 
are about as indicated above, make a sum total of approxi- 
mately 1500 species. In this total the trilobites and other 
crustaceans constitute 58 per cent; for the North Ameri- 
ean fauna these latter figures are 58.7 per cent. But it is 
obvious that this fauna was an essentially independent 
congeries of animals in which we must reckon all the erusta- 
ceans, all the thin-shelled hyaline pteropods, all the anne- 
lids, practically all the thin phosphatic and allied brachio- 
pods (in contrast to their descendents) and perhaps the 
limpetlike gastropods—a fully 90 per cent representation 
of locomotive freedom. It is an assemblage, too, which, so 
far as our knowledge extends, was essentially free of ex- 
pressions of symbiosis, even of the most innocent form. 


PRECAMBRIAN LIFE (ARCHEOZOIC) 


Here hes the field still of greatest importance for future 
investigations of the beginnings of life. Out of it, thus far, 
little else than suggestions have been derived as to the ac- 
tual living things of those vast ages. From the midst of 
its heaved and altered sediments have been rescued here 
and there a few tangible fragments of recognizable species 
of life. From the critical knowledge which is to help most 
in the unveiling of the progress of life, this difficult reposi- 
tory is of such high importance that it should enlist the 
concern of students who are well endowed with patient en- 
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thusiasm, for no service to this science, whether in fact 
or philosophy, 1s more competent or more needed than 
the evidence which lies here buried. To Walcott, who has 
lifted the veil from the unsuspected specialization of the 
Cambrian fauna and, with Barrande, has taught us to re- 
gard that fauna, not as primitive but a venerable monument 
of life, we owe our best knowledge of life in the still earlier 
ages. 

Out of the vast Precambrian ages and its great seas 
which, in view of the high specialization of the rich Cam- 
brian fauna, must have laid down fossiliferous sediments 
for inconceivable ages, we know immense growths of lime 
deposits built up as-reefs in the seas like the corals of today 
and in whose formation algal life seems to have played 
effective part. There has also been described a spongelike 
Skeleton called Atikokamnia (A. lawsom and A. irregularis 
Walcott) from the Steeprock series of Ontario, an organism 
So primitive in its skeletal characters that its reference even 
to the sponges lies in doubt." 

Walcott? has described as ‘‘ Micrococcus sp. indet.,’’ a 
bacterium from the Algonkian (Precambrian) of Gallatin 

county, Montana, which the bacteriologist Kligler*® regards 
as close to the existing Nitrosococcus which derives its ni- 
trogen from ammonium salts. ‘‘The cell structure of the 
Algonkian and of the recent Nitrosococcus bacteria is very 
primitive and uniform in appearance, the protoplasm being 
naked or unprotected.’’ With this point before us we are 
confronted by the impressive inference that this simplest 
of organic structures has defied change and the ages. The 
type at least has not failed to find its appropriate surround- 
ings or to adjust itself readily to change in them. It is the 

1Jt appears from the comments of Walcott that we must not yet regard the 
horizon of this organism finally established, though Van Hise, Leith and the 
discoverer, Lawson, regard it as from true sediments of the Precambrian Hu- 
ronian. 


2 Proc. National Academy of Sciences, v. 1, p. 256, 1915. 
3 See Osborn’s ‘‘Origin and Evolution of Life,’’ 1917, p. 85. 
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true example of the deathless life wherein reproduction by 
division has carried the parent into all its uncountable prog- 
eny. 

Once more it is well to enforce the fact that the simplest 
organisms have lived the longest and those that have so 
lived have been subjected to the minimum of change and 
the optimum of adaptation. While we recognize that to 
this the sessile condition and immobility arising from any 
other cause contribute, it is such persistent simple forms 
that Ruedemann has called ‘‘immortal types.’” 


THE COMPOSITION OF THE LOWER CAMBRIAN 
FAUNA IN NORTH AMERICA 


This is the ‘‘first fauna.’’ The casual remnants of life 
that have been found in the Precambrian rocks cannot be 
characterized as fauna or flora. And this ‘‘first fauna,’’ 
so far as known to us, must be regarded as an escape from 
unfavorable conditions, for its sediments have everywhere 
_ been easily lable to alteration by earth movements and 
destruction of its organic contents. So it is fair to say that 
much of the fauna is still to be uncovered. In its known 
composition, however, which is now numerically estimated 
at 243 species in North America, there is essentially the 
same relative prominence of groups of organisms as in the 
total Cambrian; thus the brachiopods (76) constitute about 
30 per cent, the trilobites (110) almost 50 per cent. The 
Mollusea are represented chiefly by the gastropods (16 
species), mostly of the simple, conical, limpet shapes and 
the free-swimming pteropods (12 species). Otherwise there 
are representatives of algae (2), sponges (1), corals (8), 
annelids (trails; soft bodies not retained), cystids (ele- 
mentary echinoids) (2), pelecypods or clams (1), eucrus- 
taceans or shrimps (5). That the percentage of locomotive 


1 Op. cit., p. 116. 
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- independence here indicated is essentially that of the Cam- 
brian fauna as a whole is an indication of how slowly sub- 
jection and dependence permeated the life of the earth. 


THE BEGINNINGS OF SYMBIOSIS AND 
PARASITISM 


In the foregoing we have endeavored to indicate that de- 
pendence is not a primitive but a secondary condition of 
organisms; that, as the alternate state to independence, it 
had involved in lesser degree even so early a fauna as the 
Cambrian; and in successive faunas to the present we have 
the full knowledge that it has vastly increased in its scope 
and effect. .We have no reason to believe that the depend- 
ent habit of life once acquired has ever been fully removed 
or lost; it is safe to say that dependence, under the normal 
procedure of the organic law, is incurable; an adaptation 
without escape. 

We are now to consider, not the expressions of race de- 
pendence, but those consociations among early animals 
which have led from conditions of mutual support and in- 
_ terdependence (symbiosis) into conditions of parasitism or 
absolute dependence of one animal or plant upon another’s 
vital functions. From the protozoa and bacteria to man 
and the oak, nature is riddled with such expressions of de- 
pendence and surrender. 

In the more innocent expressions of symbiosis termed — 
mutualism and commensalism, where associations of or- 
ganisms are purely social and apparently harmless or even 
mutually advantageous to the participants, it is probable 
that once fixed the outcome is infallibly deleterious. 

The glass-rope sponge (Hyalonema) has its coil of rope 
by which it anchors itself to the sea bottom, incrusted and 
shielded by a coral (Palythoa), which spreads like a thin 
wrap of felt all about it, while its ally the Venus’s Flower- 
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basket (Euplectella) imprisons a crab in its interior behind 
the bars it throws across its aperture but feeds it with 
ever changing water currents; worms and anthozoan corals 
grow together, with the tubes of the former surrounded by 
the cells of the latter, both sweeping the water currents 
for food which may go to either mouth; dead snail shells 
in which hermit crabs have taken residence are often beset 
with sea anemones (Sagartia and Adamsia) whose stinging 
cells may scare away the enemies of the crab, while the crab 
favors the fixed anemones by moving his establishment 
from place to place, thus to new feeding grounds. 

All these conditions seem on the surface entirely harm- 
less or positively advantageous to all parties involved; that 
is, advantageous in the sense that they make life easier, 
less arduous, discourage activity and perfect adaptation. 

The general effect of all symbiotic conditions is degenera- 
tive. They themselves arise from degenerate tendencies 
and could not exist save that degeneration had already set 
in. They are expressions of this condition and serve to 

confirm and transmit this tendency. The fact is tremen- 
- dously evident that even the most innocent of symbiotic, de- 
pendent or attached conditions of growth is the leaven of 
progressive degeneracy. 

It is well known that the critical methods of morphology 
and embryology have been requisite to determine the origi- 
nal ancestral independence of the most debased of para- 
sites. While the doctors of the Middle Ages wondered over 
the barnacles and pictured them as growing on trees, drop- 
ping thence to the ground transformed into geese, their 
real nature as debased crustaceans was not unfolded till 
the life history of the creatures showed that their early 
stages were free and predatory, and the adult condition 
one of extreme adaptation by progressive loss of functions 
and organs. Thus the parasitic and dependent habit is, in 
metazoan life, preceded by a free and predatory condition. 
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Once the dependent habit is established the capacity for 
reaction grows weaker; degenerative adaptation creeps 
still further back in the life of successive generations and 
the degradation of the adult state becomes more profound. 


CoMPLEX CHARACTER OF PARASITISM 


Symbiotic conditions reckoned in terms of the host are 
often helpful. There is a world full of benign parasites 
but they are not haphazard. 

True parasitism as known amongst the existing animals 
and plants is in most cases exceedingly complicated. More- 
over, when the infesting parasite requires a series of hosts, 
a different one for each phase of its development, and when 
im all its stages it is a soft-bodied creature, we must recog- 
nize the hopelessness of trying to unravel from the geologic 
record the history of such complex adjustments and be sat- 
isfied to take them as they are after human ingenuity has 
succeeded in deciphering them. The course of such per- 
fected adjustments in evil living may be interesting knowl- 
edge, but the cause and origin of them can be deciphered 
_ only by the mode which we are following through the his- 
toric study of the more legible expressions of these associa- 
tions. And it is altogether probable that such complicated 
careers, especially such as are best known because of their 
relation to man, are of quite recent adaptations. 


B&GINNINGS OF SYMBIOSIS 


Our analysis of the Cambrian fauna has shown the degree 
to which it has been affected by dependence. So far, how- 
ever, as our present acquaintance goes, there is no obvious 
record of symbiotic or commensal conditions in that fauna; 
if they occurred at all, they were conditions rarely re- 
corded. This is a significant fact in its bearing on the origi- 
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nal directness and independence of life and must be given 
important weight in the conclusion that life started un- 
perturbed and with the best upward purpose; and even if 
the evidence is essentially negative it loses no force from 
this fact. 

It would seem then that not until life had got in full swing 
did these organic combinations come into existence, even 
in their simplest commensal expressions. Regarding bac- 
teria and sporozoa we have written on a later page, but 
among the invertebrates even the consociation of the anne- 
lids and the corals, which formed easily and early and has 
endured long under manifestations of various sorts, does 
not seem to have yet appeared with the opening of Ordo- 
vician time. 


RELATION oF SyMBIosIs TO PaRAsITISM 


We have intimated, and it seems a natural presumption, 
that parasitism, by which is meant an adaptation in which 
one organism has become helplessly dependent on another 
for its existence, is the outcome of the innocent combina- 
tions of symbiosis. One would have little difficulty in be- 
lieving that from such a complicated relation of the worms 
to the corals as shown in the Devonian by Pleurodictyum 
and its associates, which we shall presently. describe, a con- 
dition of genuine parasitic dependence might well have re- 
sulted, even though the fact is not actually demonstrated. 
It would seem that we must continue to distinguish an in- 
nocent symbiosis from a dependent symbiosis or parasit- 
ism, but this is based only on our present understanding, 
and a statement that the latter can be independent of the 
former and not a consequence upon it seems so illogical that 
it is really not likely to stand up when the facts are more 
far-reaching. In parasitic symbiosis the host is the resist- 
ing, not the consenting or cooperating partner. 
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ILLUSTRATIONS OF PRIMITIVE PARASITISM 


Tue Casé of THE ANNELIDS 


One group of animals, the worms or annelids, is of prime 
interest in these considerations. The worms occur in vast 
variety in the existing fauna and their derived or secondary 
expressions are abundant. It is not with these that we are 
concerned. The primitive or archetypal worm is conceived 
as a simple fore-and-aft segmented structure in which the 
innervation is repetitive by segments and the alimentary 
and distributive organs simple and continuous. The worm 
has led a long career of ideal independence and it has been 
the architectural model for the higher creation. In the 
judgment of many morphologists there is, as we have al- 
ready intimated, a convergence backward into the past 
toward the archetypal worm, of great differentiated stocks 
like the brachiopods and the echinoids, while we recognize 
in all segmented creatures the normal continuous progeny 
of the annelid prototype. 

Worms, we may restate, were common enough in the 
Cambrian fauna, known both by their trails and burrows 
and by some highly specialized bodies; and it is probable 
that such evidences of their existence will not long be lack- 
ing in the Precambrian. The worm, however, had a soft 
body; its acquisition of a cover or shell which would en- 
able its preservation was a secondary development. So we 
are confronted in all the early rocks by few actually fossil- 
ized worms but with a great abundance of their trails in 
the soft muds. The worm buried itself halfway or wholly 
in the mud; encased itself, at times, in tubes of its own 
making; thus ensuring a protection against adversaries. 
But it retained an active, vibratile vitalism and an en- 
tire freedom from attachment to its tube. The rocks of 
these formations are often filled with vertical worm tubes, 
and the surface of the same beds may be marked by fes- 


40 ORGANIC DEPENDENCE AND DISEASE 


tooned and wavy markings in the sand, made by the occu- 
pants of these tubes as they swept the sea bottom with their 
extended bodies. They were eager commensals and in the 
Paleozoic faunas we find them in various associations, espe- 


Fig. 1. Silicified mass of stromatoporoid coral full of straight worm tubes (Gitonia) 
which start at various levels in the coral growth. Onondaga limestone (Lower 
Devonian). 


Fig. 2. A solid colony of Stromatopora constellata from the Upper Silurian (Coble- 
skill limestone) with its surface pitted by the openings of vertical tubes of the worm 
Gitonia sipho. 
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cially with the corals and the sponges and the calcareous 
algae. 

The coexistence of the tubicolous worms with the corals 
is one of the commonest phenomena of present seas and it 
became established as early as the Silurian. In most of 
the ancient cases observed it is an elementary expression 
of commensalism, but not long after its start it becomes at 
times rather complex. Worm and coral may start together 
directly on settling down from the free larval state, or con- 
junction may be formed by attachment of the annelid larva 
after the growth of the coral has well progressed. In both 
eases the growth of the latter engulfs the former save at 
its tentacled aperture. We give herewith examples of these 
occurrences.* 


Fig. 3. The coral Cystiphyllum with short tubes of Gitonia corallophila opening 
outward through the thecal walls. 


Fig. 4. A calyx of Zaphrentis with a number of tube openings of Gitonia. 


Figs. 5, 6. A Zaphrentis from two points of view to show the course of the tube 
of G. corallophila with both ends opening outward into the calyx. 


Fig. 7. Tubes of this character opening through the lateral walls of Zaphrentis. 
All are from the Onondaga limestone (Lower Devonian). 


1 Some of these illustrations are taken from the writer’s ‘‘ Beginnings of 
Dependent Life’’ (1908), but to these and to the other classes discussed, new 
illustrations have been added. 
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Silurian. The reef-building coralloids, Stromatopora, 
which abound in the stages of the Silurian are frequently 
permeated with straight tubes of the worm Gitonia sipho. 
This is an occurrence often repeated in the Stromatoporas 
and true corals (Favosites) of the Lower Devonian. 

Devonian. Interesting simple combinations of this cate- 
gory are shown by individual polyps of cyathophylloid 
corals like Zaphrentis and Cyathophyllum, where we have 
frequent indication that the tube of the worm is open at 
both ends and its continuity unbroken, each end opening 
at the tentacular surface of the coral. Often the worm dies 
in the coral and is buried in the stereom, or its upward 
growth is not so rapid as that of the coral and it is left be- 
hind with its head protruding from the side of the corallite. 
It is also quite evident that the coral may so build its tissue 
about the worm as to inclose it in a sheath which takes the 


Fig. 8. Head of the trilobite Dalmanites overgrown by a colony of the bryozoan 
Monticulipora in which is embedded a series of the tubes Gitonia sipho. Onon- 
daga limestone (Lower Devonian). ; 

Fig. 9. Colony of the coral Favosites sphaericus with a series of Gitonia tubes. 
Helderbergian (Lower Devonian), 

Figs. 10, 11. A weathered surface and a transverse section of a Stromatopora 
full of Gitonia tubes. Cobleskill (Upper Silurian). 
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place and serves the purpose of a self-constructed tube. 
Thus the worm Gitonia corallophila expresses itself in vari- 
ous meanderings among the simple corals. Some small 
lens-shaped coral colonies from the Ordovician of lowa are 
permeated with worm associates, all of which seem to start 
from the initial basal point of growth of the coral, and 
then, after a single turn or so of the tube in Serpula fashion, 
strike outward radially between the polyp cells, all reach- 
ing the tentacle surface of the colony. This combination 
indicates that the embryo worms aggregated themselves in 
numbers about the anchoring coral larva. 

Spiral worms and corals. These interesting associations 
are common throughout the Silurian and Devonian. Spiral 
worm tubes passing in these faunas under the name of 
Spirorbis and living independently are normally, or at 
least often, attached to shells of brachiopods and mollusks, 
where they escape any chance of becoming embedded, and 
after a few initiatory attached coils the tube often becomes 
free and resolves itself into very loose spirals (see figures 
of S. angulatus). In the tube called Autodetus, which is 
frequent in the Devonian, there is an initial spiral attach- 
ment, but the whorls of the free tube keep in contact and 


Figs. 12-15. Enlarged drawings of Spirorbis angulatus, a worm tube from the 
Hamilton group (Middle Devonian). These show the tendency of the tube to 
unwind in a lax spiral as soon as fixation is firmly established. 
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the whole shell takes on the form of a smooth cone attached 
by its apex. It is to be understood that the worm in these 
cemented tubes was highly flexible and vibratile and free 
to extend itself from the aperture and was not attached to 
the tube shell; and indeed, if like many living worms, could 


Fig. 16. Section of a Stromatopora colony showing the cut ends of the spiral 
worm tubes Strepindytes concoenatus from the Cobleskill limestone (Upper Silu- 
rian). The apparent difference in direction of volution in these is entirely due 
to difference of direction and angle at which the tubes are cut. 


Fig. 17. An enlarged restoration of the character of the worm tubes. 


Fig. 18. Streptindytes acervulariae Calvin. Two tubes of this spiral worm in a 
eolony of Acervularia Davidsoni. Middle Devonian, Iowa. 


abandon its shell entirely and build a new one somewhere 
else. Streptindytes concoenatus is such a worm, with tube 
stretched out in loose spiral, which we find to be common 
in the Stromatopora colonies of the Upper Silurian (Coble- 
skill) limestones. Our figures 16, 19, indicate that these 
worms started their growth at different stages in the 
growth of the colony, obviously attaching themselves to the 
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outer surface of the coral when it was well grown, but it 
is interesting to see that at any given stage they attach 
themselves not singly but in numbers, as though each set- 
tlement indicated a new crop of young worms. Streptin- 
dytes acervulariae Calvin is a quite large spiral tube not 
uncommon in Acervularia davidsoni, a coral of the Middle 
Devonian of Iowa, and S. compactus, a short, close-coiled 
species which is found buried up in the calcareous sub- 
stance of the Iowa Middle Devonian Stromatoporas. These 
embedded worms were often eventually strangled by the 
more rapid overgrowth of the coral, as there was no lateral 
way out for their heads as in the straight tubes. 


19 


Fig. 19. Streptindytes compactus, a spiral worm embedded in a solid stromatopo- 
roid coral. Sections of the tubes are indicated by the white dots. 


Fig. 20. A single individual enlarged. From the Middle Devonian of Iowa. 


The extraordinary case of the coral Pleurodictyum and 
its commensals. Pleurodictyum is a small compound coral 
growing in lens-shaped colonies with large cells, in its struc- 
ture very similar to the common honeycomb coral Favo- - 
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sites but distinguished by its habit of growth as well as 
details of cell structure. It does not abound in species and 
all that are known belong to the Middle and Lower De- 
vonian faunas. The following are its known species: 


P. lenticulare Hall; Helderbergian (New York). 
P. lenticulare var. laurentinum Clarke; Grande Gréve limestone 


(Gaspé). 
P. convexum Hall; Onondaga limestone (New York). Lower 
P. problematicum Goldfuss ; Coblentzian (Western Europe). Devonian. 


P. constantinopolitanum d’Archiac and Vernewil; Roumeli 
shales! (Turkey). 

P. amazonicum Clarke; Maecuru sandstone (Brazil). 

P. styloporum Haton—Hamilton (New York, ete.); Middle Devonian. 


The combination of the Pleurodictyum with what was 
long called a ‘‘coiled central body’’ or a ‘‘wormlike ob- 
ject,’’ actually the curved tube of a commensal worm, has 
long been known from the internal casts preserved in the 
sandy shales of the Coblentzian. 

The concurrence of the coral and its convoluted worm 
has been noted in several of the species here mentioned, 
but the varying degree of its frequency is instructive. Thus 
in the earliest species, P. lenticulare, I have seen the worm 
tube very rarely, after the examination of a considerable 
number of examples; in the var. lawrentinum not at all; 
never in the large species P. convexum Hall of the Onon- 
daga limestone. The single published illustrations of P. 
amazonicum and P. constantinopolitanum show its presence 
but enable one to form no conception of its prevalence. The 
combination is frequent enough in P. problematicum to have 
given rise to the specific name of the coral. The American 
Middle Devonian P. styloporum has afforded the material 
for most of the illustrations here given. Of this very com- 
-mon species in the calcareous shales of the Hamilton group 
I have been able to examine critically a great many individ- 

1 The Roumeli shales of Roumeli-Hissar and elsewhere in the vicinity of 


Constantinople are generally regarded as the Mediterranean equivalent of the 
Coblentzian of the Rhineland. 
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uals and it is safe to say that the worm is present in the 
majority of examples. It is usually easy to determine its 
presence on inspection of the tentacular surface of the coral 
by the contrast between its round tubes and the angular 
coral cells. All the specimens here figured to show the con- 
volutions of the worm have been drawn from actual prep- 
arations. 

The history of the combination in P. styloporum is as 
follows: At the close of the free-swimming larval stage the 
coral, in fully eight cases out of ten, selected and attached 
itself to a dead or living shell of the common gastropod 
Loxonema hamiltonae. Directly upon fixation or even 
actually contemporaneous with it was the attachment of the 
larval worm upon the gastropod and alongside the incipi- 


1 The selective attachment of such lens-shaped coralloid stocks seems to have 
acquired directiveness with the progress of time. At any rate we have a sug- 
gestive intimation of this in the very common Chaetetes lycoperdon (Prasopora 
simulatriz) in the Trenton limestone of the Ordovician, which is a stony coral 


Fig. 21. Basal surface of the solid bryozoan colony, Prasopora selwyni, which 
has attached itself to the brachiopod Plectambonites. Trenton limestone 
(Ordovician), Ottawa. 


of quite the same shape and habit of growth as these Pleurodictya. This is 
found attached sometimes to brachiopod (especially Plectambonites sericea) 
and as often to gastropod shells which were the abundant exuviae of the sea 
bottom. More often perhaps it is fastened to some casual stone or other hard 
object, but among all of which I have taken note there seems to have been no 
obvious preference by majority. 
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ILLUSTRATIONS OF PLEURODICTYUM AND ITS COMMENSAL 


WORM HICETES 


Figs. 22 and 23. Top and side views of the corallum in its normal size and form. 
The apertures of the worm tube are shown at X. 


Fig. 24. An etching which has the calcareous substance of the base of the coral 
removed and shows the initial convolutions of the worm tube. 


Fig. 


25. The under side of a corallum with the impression of the gastropod 


Loxonema hamiltoniae to which it was attached. 


Fig. 
Fig. 
Fig. 
Fig. 


26. The form of the entire worm tube drawn from an actual specimen. 


bo ob 


27. A shell of Loxonema hamiltoniae. 


bo 


8. Vertical section of a corallum, showing the convoluted worm tube. 


bo 


9. Enlarged surface of a Loxonema shell which had been the base of 


attachment for the coral. This specimen bears several serpulid worm tubes 
which were there before the coral began to grow. 


Fig. 


30. Section of the coral, showing tubes of more than one worm. 
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Fig. 51. Etching of the basal part of the coral, showing the chief worm tube and 
a wormlike extension which appears to arise from the base of a polypite and turn 
into an upward course between the cells. 


Fig. 32. The greatly enlarged interior of a dead Hicetes tube encrusted with 
slender serpulid worms. 


Fig. 33. A minute sponge found in the tube of the large Hicetes. 


Fig. 34. Chonetes sarcinulatus, the brachiopod to which the German coral Pleuro- 
dictyum problematicum usually is attached. 


Fig. 35. Vertical section of coral and tubes. 


Fig. 36. The base of the Pleurodictyum problematicum attached to the brachiopod 
Chonetes sarcinulatus. From Stadtfeld. 


Fig. 37. The tube Hicetes overgrown by polyp-cells of different series. 

Fig. 38. An etching of the coral showing an actual attachment of the worm tube 
to the snail-shell Loxonema. 

Fig. 39. Vertical section of a coral showing the worm tube entrenched between 
the polyp-cells. 

Fig. 40. An almost unique illustration of the attachment of the American 
Pleurodictyum to the brachiopod Chonetes coronatus. 


—— 
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ent coral. In many cases, such as that illustrated in figure 
38, the worm tube is directly fixed to the gastropod; 
again it may be free of the gastropod and separated 
from it by the thickened basal covering or epitheca of the 
coral. With the multiplication of cell growth and the up- 
ward trend of the coral, the worm began its convoluted 
growth, its tube growing as much at one end as at the other 
and with the same curvature at each end. Many of the ex- 
isting tubicolous as well as the boring worms have their 
tubes open at both ends. In view of the regularity of coiling 
shown in some of the commensal worm tubes it is interest- 
ing to notice that in this case the worm, after making a 
start, gets its double coil into parallelism for from one-half 
to an entire turn and then each arm starts off into a direct 
course outward and upward following the radial path of 
the coral cells. These tubes often pass in and out between 
the cells, shut off from them by secretions of the coral sub- 
stance, keeping their extremities always at the tentacular 
surface, and very seldom is there evidence of the worm 
encroaching on the polypite cells. Still this may occur and 
the worm tube occasionally becomes encased by a young 
polypite and holds a position in the center of the cell. Not 
always does the growth of coral and polyp and worm go 
on part passu. Ina group of the largest specimens of these 
corallites we have seen, taken from the shales on Jaycox’s 
run, Genesee county, N. Y., the later and accelerated growth 
of the polyps seems to have overwhelmed and strangled the 
worms whose tubes continue halfway or more upward and 
then abruptly end. 

Other worms also may be encased in the thickening base 
of the growing coral, as shown in figure 30, but it is not 
yet clear where their apertures lie, as I have never seen 
more than two annelid openings at the surface of an adult 
coral, both belonging to the same tube. Originally opening 
on the tentacular surface at an early stage of coral growth, 
they have been buried in the later accumulations of ster- 
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eom. There are long tubular passages between the coral- 
lites in early-growth stages which have not been described 
in the structure of this coral genus but undoubtedly belong 
to it. In sections these may be confounded with worm tubes, 
but in etched specimens, such as have here principally 
served for illustration, their real nature seems to be clear. 

In this interesting combination there is still another 
member—a small silicious sponge. It has come to my 
notice several times. The one here figured was taken from 
the empty tube of the worm, but whether that is its usual 
position or whether it may seat itself in one of the coral 
ealyces or whether indeed it is a usual member of the con- 
sociation cannot be regarded as clearly established. Its 1m- 
portance is not to be magnified; such lhttle organisms are 
easily entangled in growing corals and must be expected in 
the fossil state. 

Some illustrations are here given which show how readily 
the dead parts of these organisms become encrusted with 
serpulid worms. Figure 29 is the surface of a part of a 
dead Loxonema to which a Pleurodictyum had grown, and 
figure 32 shows the inside of an old tube of the commensal 
worm (which is known as Hicetes innexus), itself incrusted 
with minute worm tubes. 

Interesting as is this instance of commensalism, its most 
extraordinary feature is the evidence of selection by the 
larval coral, of the body which serves as the base on which 
it is to grow. It is stated above that a very evident ma- 
jority of the colonies of this coral Pleurodictyum, as it oc- 
‘curs in the Hamilton shales, are attached to an organic 
object and that this organic base in apparently a very 
large majority of the cases is a shell of Loxonema hamil- 
toniae. Occasionally the shell may be a Pleurotomaria of 
one or another species. On the other hand the Rhenish 
Pleurodictyum problematicum fixes itself by decided ma- 
jority to the brachiopod Chonetes sarcinulatus Schlotheim. 
I have examined a considerable number of specimens 
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of this Coblentzian species but have seen no other shell 
used for attachment nor have I found record of any other. 
Though it is not practicable to use percentages with 
reference to the frequency of this occurrence, the palpable 
fact remains that, as between these two closely allied if | 
not identical corals, growing in different and remote basins 
of the sea, one selects a gastropod, the other selects a 
brachiopod as its base of attachment. Kmphasis is put 
on the word ‘‘selects,’’ for among the brilliant examples 
of selective adaptation none could be more striking than 
this. The floor of the New York Devonian sea was covered 
with Chonetes and of the Rhenish sea with gastropods, dur- 
ing the life of this coral. Were either wanting in the 
other fauna, hundreds of other species of organisms lined 
the sea bottom. It is very impressive to find the evidence 
of thts singular Devonian association of coral and worm 
from parts of the world as remote from each other as 
New York, northern Brazil, western Hurope and Con- 
stantinople. The fact that in chronology the New York 
occurrence is later than the rest (Lower Devonian) seems 
to indicate a quick spread of this adjustment over the sandy 
sea bottom of the early Devonian of the world,’ from which 
the deeper contemporary waters of New York were ex- 
cepted and in which region this symbiosis did not arrive 
till the next succeeding stage. Of its ultimate fate a nega- 
tive evidence permits us only to say that it went out with 
the Hamilton stage and did not return with the partial re- 
turn of that fauna in central New York during the time 
that is reckoned as of the next succeeding stage—the 
Ithaca-Portage time of the Upper Devonian. 

I have not attempted to escape the obvious interpreta- 
tion of these phenomena nor to avoid its expression in 
terms of psychic function. To biologists who still find the 
term ‘‘instinect’’? a comfortable receptacle for such reac- 


1 Save in the early Devonian of austral latitudes where the fauna is very 
unlike that of the rest of the world. 
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tions, the interpretation may seem invasive. Nothing, I am 
disposed to believe, can be more illuminative of the prog- 
ress toward and in intelligence than the early case before 
us, in which a directed habit has already become fixed by 
heredity. 

Taken as a whole this combination is very complicated 
commensalism from a date so ancient as the Devonian, more 
extreme than any other yet known from the Paleozoic rocks. 
We find a somewhat parallel case in the present fauna de- 
scribed by Bouvier as occurring in the Gulf of Aden—a 
coral and a worm growing together, and hidden in the coral 
substance a gastropod on which both settled down when the 
partnership began; furthermore there appears to be a small 
bivalve in association with the worm. Other similar cases 
might be cited from the existing fauna. 

One stands with wonder before such evidence as this from 
the ancient faunas, questioning how such a habitude came 
about, what conditions impelled, stabilized and restricted 
it, and our wonder is none the less because here we stand 
at the inception of such associations and contemplate it 
from a world that is full of them today. And the inquiry 
naturally arises: What became of this organic combina- 
tion? It reached its acme only as the coral genus became 
old, indeed in the last of its representatives. Riddled with 
commensals, overloaded with boarders who fed at the same 
table and flourished, it may be that the worm became an 
effective parasite which helped to bring about the extinc- 
tion of its host. 

Commensalism between the worms and sponges. This 
combination appears in the late Devonian, but there is evi- 
dence that it is of earlier date. We have just cited the 
presence of a minute sponge in the Hicetes innexus, the in- 
colant worm of Pleurodictyum, and there is an undescribed 
Spreading sponge of the Middle Devonian (Hamilton 
group) which indicates the presence of coexistent annelids. 
The simple ancient instance I can here illustrate is that 
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shown by the spiral or meandering worm tubes which are 
found in connection with the glass-sponges Hydnoceras and 
‘Prismodictya of the Chemung fauna (Upper Devonian of 
New York). 


Figs. 41, 42. Two silicious sponges, Hydnoceras and Prismodictya, with mark- 
ings of worm tubes on the reticulum. Upper Devonian. 


In a considerable number of individuals of Prismodictya 
from the same locality nearly all showed the presence of 
the annelid commensal and as the surface of the impres- 
sion left in the sands by the worm tube is in all cases 
crossed by the reticulated skeleton of the sponge it is in- 
ferred that the position of the former was internal. These 
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are silicious sponges allied to the living Euplectella or 
Venus’s Flower-basket, and though we find no parallel ex- 
pression of commensalsm in the living glass-sponges, yet 
Kuplectella carries a parasite in the form of a crustacean 


Fig. 43. 


A silicified sponge from the 
English Chalk exposing a spiral 
worm tube encircling the wall of 
the cloaca of the sponge. (Courtesy 
of Dr. F. A. Bather. ) 


which in youth enters its 
open cloacal cavity and re- 
mains there so that when the 
sponge has in adult growth 
built the terminal or sieve- 
plate over its aperture the 
crustacean is wholly and 
permanently caged. 

This ancient association 
continued long after the 
Paleozoic, for I have else- 
where illustrated its occur- 
rence in the sponges of the 
Cretaceous from very strik- 
ing specimens sent to me by 
Dr. F. A. Bather of the Brit- 
ish Museum. They are here 
reprinted. All show a spiral 
worm tube encircling the 
long median cloaca of the 
sponge, in one the spiral be- 
ing dextral and the other 
sinistral. The flat section 
here shown is a direct photo- 
graphic print made from a 
thin slide and shows the 


actual distance of the annelid tube from the cloaca, and 
suggests also the presence of other commensal worms in 
the upper left-hand part of the sponge-body (prepared by 


Doctor Bather). 
hampton. 


All are from the Chalk series at Beck- 
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Figs. 44, 45. Sponges from the English Chalk showing spiral annelid tubes. In 
both the worm is seen to encircle the cloaca of the sponge and at some distance 
from it (Fig. 44, section). In Fig. 45 the direction of the spiral is the reverse 
of that in Fig. 43. From Beckhampton. (Courtesy of Dr. F. A. Bather.) 


Symbiosis in the worms and crinoids. The data for such 
association are not abundant. Myzostomum, a wormlike 
creature, believed to be an annelid, is parasitic on living 
erinoids where its species cause galls or swellings by the 
overgrowth of the caleareous substance. On the columns of 
Paleozoic crinoids small gall-lke protuberances are occa- 
sionally found, with a central perforation, and several 
authors have ascribed these to the Myzostomum.' These 
Myzostomid galls (Myzostomites) have been recorded from 
rocks as early as the Upper Ordovician, but we must confess 
to knowing very little about them, and some of the pit- 
tings and depressions on erinoid columns which have been 
thought to be the inner cavities of Myzostomid cysts are 
doubtless of other origin. Perhaps the best proof that these 
galls have been made by infesting worms is afforded by the 


1 See Wachsmuth and Springer. 1897, p. 43, pl. 1, fig. 2; p. 502, pl. 39, 
fig. 7; R. L. Moodie; EF, A. Bather. 
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Fig. 46. A crinoid stem from the Carboniferous with deep pits over the surface 
which may be due to the work of Myzostomites. 


Fig. 47. Transverse sections of a caleareous hypertrophy or “gall” on the jointed 
stem of a Devonian (Hamilton) erinoid. This shows, by etching and trans- 
parence, the filling of minute worm like tubules in the enlarged stem joints, 
and a darkened aggregate at the center along the stem-canal which has been 
contracted and obstructed by the spread of this growth, producing a genuinely 

_ pathologie condition. Enlarged. (The specimen from which these sections 
were made presented by Professor George H. Chadwick. ) 


specimen here figured from the Hamilton shales of the De- 
vonian. 

Commensalism of coral with coral. The so-called genus 
Caunopora is an interesting illustration of this habit of 
growth. Caunopora is a compact hydroid coral with sharply 
defined and definitely walled tubes scattered through its 
substance. For a long time it was regarded as the work of 
a single hydroid colony, but it is now known to be a lami- 
nate hydroid overgrowing a series of erect coral tubes like 
those of Syringopora or Aulopora. Fistulipora occidens 
presents a similar coalition of a hydroid coral growing 
about the tubes of Aulopora. These are both Devonian oc- 
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Fig. 48. Caunopora; a stromatoporoid colony showing the tubes of Syringopora, 
a coral that lived commensally with it. i 


Fig. 49. Schematic section showing the structure of the coral tubes 
in the stromatoporoid mass. Onondaga limestone (Lower Devonian). 


currences and this association of the hydroid with the zoan- 
tharian corals is widespread. Other occurrences of this 
sort are well known and we figure here a colony of the 
honeycomb coral Favosites which has overgrown a small 
plantation of the cyathophylloid coral Amplexus. In all 
these associations there has been apparently no interfer- 
ence with the functions of either member of the combina- 
tions. Naturally, as these are merely incidents of their 
growth they have been carried onward into recent coral 
plantations where such combinations are not infrequently 
noted. 
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Fig. 50. <A colony of the coral Favosites niagarensis which has partially overgrown 
a small plantation of the cyathophylloid coral Amplexus. From the Niagara 
formation (Silurian), Monticello, Iowa. x %. 


THE BARNACLES 


Jt is well known that the barnacles are degenerate and 
attached crustaceans. The acorn barnacle with its hard 
valves consolidated into a cone-shaped shell, and the goose 
barnacle with its flat shells on clustered stems, represent 
for us the living members of this interesting group of 
recreants.’ In the barnacle, of whichever kind, the animal 
has lost its independence through attachment by its head 
or back and the readjustment of its segmental plates to fit 
the demands of its stationary maturity. Ontogeny shows 
a free and normal larval state for the barnacle and indi- 
cates a phylogeny in which locomotive independence had 
been normal throughout life. 

We have known for some years the existence of barnacles 
in the Paleozoic rocks. The acorn barnacle Palaeocreusia, 


1 Far greater degeneration of anatomy and function is presented by several 
other forms of soft-bodied barnacles in existing seas. 
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which has been found encased in a honeycomb coral (F'avo- 
sites) of the Onondaga limestone (Lower Devonian), is ap- 
~ parently as completely degenerated as the existing barna- 
cles. Herecolepas is an acorn barnacle from the Swedish 


dL 


Fig. 51. A Paleozoic barnacle, Palaeocreusia devonica, buried partly by burrowing 
and partly by solution, in a colony of the coral Favosites. Onondaga limestone 
(Lower Devonian). 


Silurian. The recent discovery by Ruedemann, to which 
we have referred, of a primitive Balanus in the Ordovician 
(Lorraine shale) attached to the shell of a cephalopod (Hn- 
doceras) and in several stages of its growth, has beautifully 
indicated the mode in which this degeneration has taken 
place. In this early species the valves are simple apposed 
plates, corresponding in size and number on each side, and 
these, the author cited believes, were developed from free- 
swimming phyllopods (like the Apus of present waters) of 
earlier faunas by two factors: 

a. Fixation by the back, so as to give a better play to 
the feeding and breathing appendages. 

b. Lateral stresses exerted on the long pod-shaped cara- 
pace, by the play of the currents from without and the re- 
action from within which eventually developed sutures 
where these strains were greatest. 

Thus we seem to have traced back to pretty clear indica- 
tions of its beginning this highly degenerate crustacean, and 
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in these early presentments see that the fixation which led 
to recreancy was for a purpose distinctly advantageous to 
ease of living; that the creature became consolidated and 
set at a very early geological age. 

For the Lepad or goose barnacles we have very much 
the same sort of evidence. There are much elongated 
flat segmented barnacles in the Ordovician known as Lepi- 
docoleus. Others of this type occur throughout the Silu- 
rian and Devonian (Plumulites, Turrilepas, Strobilepis*) in 
which the elongated shape and the regular fore-and-aft 
ranges of plates are retained, but the earler form is much 
the simpler, as it has but two such ranges, one on each side 
and both symmetrical. Attachment in all of these is by the 
base, that is, by one end of the shell; and we have expressed 
the belief that the whole stock to which these belong and 
which is represented by the existing Lepads arose from a 
like phyllopod ancestor to the Balanidae but through fixa- 
tion or cementation by the head, rather than the back; a 
fixation which gave a similarly favorable exposure of the 
feeding and breathing appendages, but also induced greater 
exposure to lateral stresses, which has resulted in a more 
numerous development of sutures and valves. This attach- 
ment, and consequently the career of the goose barnacles 
would seem to date from approximately the same geologi- 
eal age as that of the Balanidae and, as we have said, to 
have come out of the same free and independent crustacean 
stock. 


1 These have been commonly accepted as Cirripedia and while we are grant- 
ing that the probabilities seem in favor of this interpretation, there are features 
of structure which suggest the scaled annelids. This comparison has not been 
closely carried through. 
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HARLY PARASITISM OF THE SNAILS UPON THE 
CRINOIDS 


A true parasitic combination has long been recognized 
among the ancient crinoids or sea lilies and the gastropods 
or sea snails. It began, so far as we know, in the Silurian, 
became of common occurrence in the Devonian and reached 
a climax in the Carboniferous age; and with the close of 
Paleozoic time, this special combination ceased or was ex- 
tinguished. The history of these cases is of very large sig- 
nificance to our investigations. The crinoid, by the end of 
the Ordovician period, was fully developed and specialized. 
Its habit, presumably from the larval state on, as today, was 
one of fixation by a long highly flexible stem which re- 
mained functional, with rare exceptions if at all at this 
period, throughout the rest of life. It had developed a well- 
defined aboral or anal orifice to the curved intestine and 
this opening was on the upper surface of the calyx between 
two of the arms or in the summit of the dome embraced by 
these free arms. In many species of the later Carbonifer- 
ous and Devonian this dome was elongated into a proboscis © 
which carried the anal aperture upon its summit either for 
the purpose of conveying the rejectamenta beyond the 
reach of the mouth or for the actual protection of the crin- 
oid host from the parasitic gastropod which must have been 
obnoxious to it as it interfered with the normal alimentary 
function. These suggestions will be again referred to. 

The gastropod had also attained in the Ordovician a nor- 
mal form, that of a simple spiral shell with a cireular 
aperture or mouth. It was a holostomatous shell, with a 
continuous shell mouth, without any special adaptation for 
fixation by suction or otherwise to any extraneous object. 
The lmpets had already developed, and these are shells 
which express even better the simple conical form out of 
which all the coiled gastropods had been derived. This type 
was primitive and both phylogeny and fossils show it to 
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have been the most ancient. The first simple coiling of the 
shell which resulted from subsequent obstructed growth on 
one side of the animal could not have much altered any 
functions. The habit of these limpetlike shells with apical 
coil only (Platyceras, Capulus') seems to have been then, 
as now, one of easy but not necessary muscular attachment 
to whatever body they might choose to grow on, and today 
we have a long list of genera, both of marine and fresh wa- 
ters, in which this exterior form of shell and the internal 
habit are retained. 

In the various expressions of conjugation between such 
shells and the Crinoidea we have evidence enough to trace, 
step by step, the progress of free and haphazard associa- 
tion into a fixed and dependent parasitism; a cinema of 
some millions of years, displaying the gradual yielding to a 
fixed and essentially vicious habit. It is the illustration, 
eritical we think, as it could hardly be derived except from 
the paleontological record, of the passage of symbiosis into 
parasitism. With it the case would seem to have been made 
out also for the incurability, under unconscious agency, of 
such a ‘‘perturbation of normal activities’’; for so far as 
we can see the habit ended only with the downfall of those 
erinoidal groups whose structure exposed them to these 
attacks. 

We may here turn aside to note briefly the fact of para- 
sitic attachments in the existing fauna, of gastropods to va- 
rious representatives of the Echinoderma (starfishes, sea 
urchins, etc.), the group to which the crinoids belong. Ton- 
niges has given® a very interesting pictorial account of 
these, drawing in some measure on the determinations 
made by the Sarasin brothers. We are not much in the way 
of thinking of the snails as true parasites, but the author 
cited remarks that all of the very few species known to have 

1 True capulids of this period are doubtless reversionary forms as shown by 


tendency of later growth to reassume the conical shape. 
2 Naturwissensch. Wochenschr., v. 19, no. 16, January, 1904. 
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parasitic habits live on the echinoderms—as though the 
habit established in ancient Paleozoic days upon the ecrin- 
oids had found favorable adjustment throughout the group. 
Nevertheless itis of special interest to find that one of these 
parasites is a limpet of essentially the same type as those 
which infested the ancient crinoids. This is the species 
Thyca ectoconcha which attaches itself to the outer skin of 
a starfish and inserts an extension from its snout well into 
the integument. The interesting statement is made that 
Thyea is usually a wandering snail crawling over the spines 
of the starfish, devouring the little sponges and their ad- 
herent organisms; in other words, lives normally until it 
adopts the attached and parasitic habit. The starfish has a 
still more degenerate parasite-snail, Stilifer, of a distinct 
generic type with spiral coil, which sinks itself deep in the 
skin of its host leaving only a minute projection of its spire, 
while the rest of the shell becomes enveloped in a false man- 
tle or membrane from which a proboscis develops that pene- 
trates far into the soft parts of the host and sucks out its 
nourishment. Far more extreme cases of degeneration are 
illustrated by the snails Entocolax and Enteroxenos, para- 
sitic within the sea cucumbers or holothurians and which 
appear to have found their way in by penetration through 
the wall of the body. In these cases the gastropod struce- 
ture is so modified in the adult, by loss of form, shell, or 
dental ribbon and indeed the adaptation of all the anatomy 
to a suctorial function, that identity is shown only by the 
normal stages through which the young shells pass. | 

Living crinoids do not escape similar infestation but not 
by the limpetlike snails. A. H. Clark has found Ptilocrinus 
pinnatus parasitized by the spiral Kulima (ptilocrimcola) 
which Bartsch, who describes the species, finds attached to 
the calyx through a veritable puncture of the skin made by 
a suctorial proboscis. These extreme adaptations indicate 
complicated conditions of parasitism which could not well 
belong to the less complex life of the Paleozoic. 
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In tracing the history of the combination our starting 
point is the rich marine fauna of the Cincinnati shale which 
lies near the summit of the Ordovician, thus immediately 
antedating the advent of Silurian time. We have on a pre- 


Fig. 52. The snail Cyclonema Fig. 55. A eystid, Caryoerinites 
enclosed within the arms of the carrying an attached snail 
erinoid Glyptocrinus in an at- which covers the apertures of 
titude of feeding. Ordovician the summit. Silurian age. 
age. 


vious occasion pointed out the free concurrence of the holo- 
stomatous snail Cyclonema bilix, one of the abundant 
members of the fauna, with the crinoid Glyptocrinus deca- 
dactylus. In this ease the shell is found to lie, inclosed by 
the arms of the crinoid, in a position that would give it full 
advantage of the waste from the crinoid, but without fixa- 
tion. It had been drawn to the crinoid by an obvious sup- 
ply of food but it was free to go and come as it was 1m- 
pelled. And yet the shell was of such build that its aperture 
was quite admirably adapted to fixation—a round thin edge 
without any irregularities which might lessen the effective- 
ness of the attachment. 

If now we may turn from the crinoids to the closely allied 
group of the Cystids in which the alimentary parts have 
essentially the same alignment, we find a case, long ago 

figured by Hall in the ‘‘ Palaeontology of New York’? (v. 2, 
pil. 49a, fig. 1d, 1847), of an apparent attachment of a similar 
round-mouthed shell (Strophostylus) to the anal surface of 
the eystid Caryocrinites ornatus, of the Rochester shale 
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fauna of the Silurian age. There seems no good reason for 
not interpreting this occurrence, even though it may be iso- 
lated, as a definite and purposeful fixation. To regard it as ~ 
casual would be sophistication. With these preliminary 
evidences then we find the snail-crinoid adjustment well 
under way very early and clearly developing from a habit 
of visitation into a set adjustment to vitiation and para- 
sitism. 

As we enter the Devonian or next succeeding period of 
geological time, we are confronted at once by an enormous 
development of the holostomatous shells 
of the limpet group, known as Capulus 
or Platyceras, with various generic 
allies. They are all very closely allied 
to the species we have already re- 
ferred to and have the same inheritance. 
So abundant are these Devonian limpets 
and so great their variety that it has 
more than once been proposed to desig- 
nate the early Devonian age by the name 
Capulian or Platyceras stage. In a sud- 
den outburst of evolution these mollusks 
here reached their climax. Every stu- 
dent of these shells recognizes the diffi- 
culty of assigning specimens of them to 
well-defined species, because the thin- 
ness of the shell mouth and its easy 


Fig. 54. Views of the 
Silurian crinoid Mar- 
sipocrinus coelatus 
(Phillips) sur- 
mounted by, and 
partly enclosing an 
attached snail. Wen- 
lock limestone, Dud- 


ley, England. (Cour- 
tesy of Mr. Frank 
Springer. ) 


adjustability in fixation to the irregulari- 
ties of the surface to which they may 
attach themselves have caused many 
differences of expression. Attachment 


was their habit and we may expect to find them fixed 
to various sorts of objects, organic and inorganic, when- 
ever they have been caught alive or in a cemented condition 
by the burying sediments. We must then scrutinize every 
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ease of such attachment to determine its casual or its in- 
tentional nature. It is in the Devonian that the growing 
abundance of the crinoids amid legions of Capulus begins 
to provide us with increasing instances of fixation of the 
latter to the former. The earliest of 
all these and the most striking case on 
record at all, is the combination of the 
erinoid Melocrinus micmac Clarke with 
the capulid snail Orthonychia tortuosa 
Hall from the fauna of the Lower Devo- 
nian Grande Gréve limestone of Gaspé. 
Here we have a small species of Melo- 
erinus overwhelmed and borne down 
by a massive trumpet-shaped limpet, 
whose very weight must have toppled 
the crinoid over to the sea bottom. The 
aperture of the shell fits down over the 
entire dome of the crinoid naturally 
covering the eccentric aboral aperture. 
The attachment of the shell must have 
begun very early and continued firmly 
Big. 55. Melocrinus mic. to the full maturity of the shell. Or- 
mae, Lower Devonian thonychia is a division of almost conical 
a oe or slightly twisted capulids, the spire 
by a trumpet-shaped being apical and incipient or altogether 
snail. absent. Such shells have not before 
been seen in this attached condition; 
they were not adapted to it, for their uncoiled form would 
make the crinoid so top-heavy that the whole combination 
would succumb. It is therefore not surprising that this 
record does not repeat itself.’ 
Craterocrinus ruedemanni Goldring is a species as yet 


1 This specimen of M. micmac is the only crinoid ever found in the profuse 
Grande Gréve fauna. It was obtained by the writer from a ledge a half fathom 
under water at low tide. 
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deseribed in manuscript,’ taken from the Onondaga lime- 
stone of New York. It is like Megistocrinus in its general 
form with a broad upper surface or tegmen and very large 

aboral opening. Our illustration shows a specimen of this 
. erinoid with the sear of at- 
tachment made by a shell 
which became fixed early and 
clung to its situs throughout 
life, the enlarging scar grow- 
ing eccentrically from the 
anal aperture, and leaving a 
deep sinus about the bulging 
adjoining portions of the 
growing crinoid. 

In the Middle Devonian 
Hamilton shales of Thed- 
ford and Bosanquet, Ontario, 
Fig. 56. Upper surface or dome of OCCUYrS the platyerinid Spe- 

ermoid (Craterocrinus) with anal ejeg Hystricrinus carpentert 

opening and scar of shell attach- Eitadle. 2 secular th 
ment. Devonian. ? ee aie) WT 
surface spines jointed to the 
calyx by a ball-and-socket arrangement. The species 
is known only in the shales of these localities. Two 
species of gastropods have been found attached to the 
aboral surface and dome; one a smooth form, Platyceras 
erectum Hall, and the other a spiny shell which has been 
incorrectly called P. dumosum Hall. These shells have 
not been found attached to any other crinoid and no 
other crinoid of the Hamilton shales in that vicinity has 
thus far shown evidence of such combination. This com- 
bination is thus closely restricted locally. The crinoid with 
its broad tegmen or vault, diffuse arms and absence of anal 
proboscis, offers every convenience for this adjustment, but 


1 By Winifred Goldring in preparation of a Monograph of the New York 
Devonian Crinoidea. 
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nevertheless there were lacking in this local fauna neither 
erinoids nor snails of other species. The limpets are of the 
usual type with small spires and broad whorls and not un- 
like each other in general proportions. Hystricrinus punc- 
tobrachiatus Hall, which occurs in the same fauna, carries 


Fig. 57. Two specimens of a spiny erinoid, Hystricrinus, with two different 
species of snails. Devonian. 


no parasite so far as known and the later species of the 
genus (H. wthacensis) is without such associates. The di- 
rective impulse indicated in the adjustment of the limpets 
to these crinoids is here undeniably clear. 

From the Middle Devonian limestone fauna of central 


Fig. 58. Two views of the calyx of Megistocrinus with attached Platyceras. 
Middle Devonian. 


Iowa we have heretofore recorded the combination between 
the crinoid Megistocrinus farnswortht White and a large 
Platyceras. This is known only in a single case and, as 
shown by the figure here given, the evidence of gradual 
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growth and expansion of the shell after attachment was 
effected, is seen in the adaptation of the latter to the irregu- ~ 
larities of the crmoid dome. The adjustment perfectly 
covers the anal region and is so effected as to avoid un- 
profitable surfaces. 

In all the crinoids taken from the extensive plantations 
uncovered at Vincent, N. Y., in the Hamilton shales (Mid- 
dle Devonian), the most striking assemblage of these fos- 
sils ever found in the Devonian rocks, not a single instance 
has been observed of this conjunction. We have, however, 
a unique occurrence from another locality, of one of the 
species represented in this colony, 
Rhodocrinus spmosus Hall, in which 
a very marked ease of this parasitism 
is displayed, the gastropod covering 
the aboral orifice with the anterior 
part of its mouth, the rest of the 


Fig. 59. Rhodocrinus ; 
calyx with heavy snail aperture extending downward over 


shell over anal aper- the sides of the calyx. This is fre- 


ture. Middle Devo- 


Rake quently a well-marked and perhaps 


normal position for the shell, and 
the necessity of keeping the mouth close to the source of 
food, forces the shell growth to be eccentric from this 
point and thus permits the shell margin to expand in any 
convenient direction. 
In the Upper Devonian we have record of attachment of 
a broad-mouthed capulid to Melocrinus hieroglyphicus 
Goldfuss and a smaller species to M. globosus Fraipont. 
These are from the Frasnian rocks of Senzeille, Belgium, 
and have been figured by Fraipont.* They are sufficient 
proof of the widespread practice of this parasitism in the 
Devonian age. | 
1‘“Ann. Soc. Geol. de Belgique,’’ Mem. X 1883, plates 2 and 5. Fraipont 
thinks the latter case mentioned in which the attached capulid spreads over 


the side of the calyx, merely casual commensalism, but it is evident that the 
shell covers the position of the anal orifice. 
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Fig. 60. Two specimens of the Devonian ecrinoid, Taxocrinus lobatus Hall, with a 
coiled snail (Platyostoma) attached to the dome. Canandaigua Lake, N. Y. 
(b. by courtesy of Mr. Frank Springer. ) 


A singular and single instance of similar concurrence has 
been found in the Portage Upper Devonian (West Hill 
shales) of Naples, N. Y., a baby Melocrinus, not above one- 
half inch in length (calyx) to which is attached a baby 
Platyceras of about the same size. This is a convincing 
evidence of the early age at which this adaptation became 
effective, though it is no proof that the conjunction may not 
have been broken in later hfe. It 
is certainly extraordinary that this 
parasitized young condition is the 
only one recorded in these rocks, 
while Melocrinus is the only abun- 
dant crinoid in the Lower Portage 
fauna. 

The Devonian faunas, in these 
cited instances, have thus furnished 
us with instances of the growing 
habit of this parasitic attachment. 
We find it to be occasional and spo- 
radic, desperate and often ill-ad- 
justed arrangements which seem to _ 
have brought disaster to the hosts. er are ae 
We see cases, as Melocrinus mic- Upper Devonian. 
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mac, Rhodocrinus and Melocrinus sp., where dispropor- 
tionate growth of the gastropod evinces lack of advan- 
tageous gravitational balance such as is seldom to be found 
in the following period when the parasitism had become 
set. We observe a greater variety in the form of the snail 
than appears later, and it is evident that some of these 
were better adapted than others to this mode of life. And 
we also see, from the instance of conjunction at a very early 
age in both parties to the combination, that the habit must 
be a long-time inheritance out of the past. 

We may now consider the expression of this parasitic 
adjustment as it appears in great frequency in the marine 
faunas of the next or Carboniferous age, especially in the 
ealeareous deposits which compose the earlier or, as called 
in this country, the Mississippian stage of this series. 


Fig. 62. Part of the dome of the crinoid Strotocrinus showing successive growth 
sears made by an attached Platyceras always keeping its anterior extremity 
over the anal aperture of the erinoid. Mississippian. (After C. R. Keyes.) 


Fig. 63. The erinoid Platycrinus hemisphaericus with the snail Platyceras infun- 
dibulum attached. Mississippian. (After C. R. Keyes.) 


Such concurrences are noteworthy for the evidence they 
bring of the general dissemination of this habit which now 
attains its climax. So general is it that paleontologists 
have recognized the difficulty of determining the species 
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characters of the capulids because of the shell deformations 
resulting from these attachments. So far as we have suc- 
ceeded in listing these concurrences they are shown in 
eighteen species of crinoids. Doubtless others have been 
recorded which we may have overlooked. It was a matter 
of comment by Meek and Worthen, who first took especial 
notice of the frequency of these combinations,’ that certain 
erinoids seemed always to carry certain snails, intimating 
thus a definite affinity of one for the other; and to anyone 
confronted by an array of these combinations this purpose- 
ful predilection is very impressive. 


List or RecorDED CAaRBONIFEROUS CRINOIDS 
WITH PaRASITIC GASTROPODS? 


Platycrinus hemisphericus Meek and Worthen. 
P. pileiformis Hall. 
Strotocrinus regalis Hall. 
Gilbertsocrinus tuberosus Lyon and Cassiday. 
G. typus Hail. 
Dorycrinus immaturus Wachsmuth and Springer. 
Agaricocrinus americanus Roemer. 
Pterotocrinus acutus Wetherby. 
P. bifurcatus Wetherby. 
P. depressus Lyon and Cassiday. 
Physetocrinus ornatus Hall. 
12. P. ventricosus Hall. 
13. Eucladocrinus millebrachiatus Wachsmuth and 
Springer. 


Ss SCS SCN ION hes IN 


bt fat 
= 


1‘“Geological Survey of Illinois,’’ v. 5, 334. 1873. 

2 We are greatly indebted to Dr. Charles R. Keyes for his investigation and 
record of these associations as registered in literature and in the extensive 
collection of crinoids at that time belonging to Dr. Charles Wachsmuth, now 
by the generosity of Mr. Frank Springer the possession of the National Mu- 
seum. Doctor Keyes’s papers on this subject of the species of Platyceras 
which consort with the Mississippian crinoids were printed in 1888 (‘‘ Proc. 
Amer. Phil. Soe.,’’ v. 25) and 1890 (‘‘ Proc. Acad. Nat. Sci.,’’ Phila., v. 42). 
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14. Actinocrinus verrucosus Hall. 

15. A. multiramosus Wachsmuth and Springer. 
16. Acroerinus shumardi Yandell. 

17. Poterioerinus coccinus.* 

18. Cromyocrinus simplex Trautschold. 


Fig. 64. Cromyocrinus simplex with attached snail of large size, its anterior 
portion covering the anal aperture. Carboniferous limestone, Russia. 


In order to show that in the study of this adaptation be- 
tween crinoid and snail we are not being misled by appear- 
ances, let us look a moment to the mode of evolution of the 
excurrent aperture in the crinoid and the effort made by 
the crinoid host to protect itself against this disadvanta- 
geous parasitism. 

1. In the crinoids of the Ordovician and Silurian, where 
this adjustment first appears, there was only a smooth- 
domed tegmen between the arms and, with these arms float- 
ing expanded in search of food, the dome with its anal aper- 
ture was a freely exposed surface, an open invitation to 
such attachment as ensued. There were, however, plenty 
of crinoids of that period provided with anal tubes, that is, 
plated extensions of the tegmen or upper surface into pro- 
boscis-like shapes, bearing the anus at their extremity, and 
the purpose of this combination seems to have been to raise 
the rejectamenta well above the mouth of the ecrinoid.° 

On this matter Wachsmuth and Springer* have written: 


1 An uncertain species, thus spelled by Keyes but not otherwise known. 

2 From the Moscovian limestone of Russia. 

3 Among these genera are Diabolocrinus and Deocrinus of the Ordovician; 
Lampterocrinus, Siphonocrinus, Lyriocrinus, Eucalyptocrinus, Callicrinus and 
Chicagocrinus of the Silurian. 

41897, ‘‘N. Amer. Crinoidea Camerata,’’ p. 135. 
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“As a rule, a tube occurs more frequently among species in 
which the arms form a continuous series around the calyx, 
while species in which they are arranged in clusters often 
have a simple opening.’’ And it also appears that this tube 
was of convenient rather than essential function. The ani- 
mal could live without it when it was broken off or ob- 
structed, and easily made a new orifice when necessity re- 
quired. 

2. It appears, however, that early attachment may have 
prevented the development of the anal tube. This would, 
indeed, seem to be indicated by the specimen of Cratero- 
crmus ruedemanni here shown, where the attachment be- 
ginning very early prevented the development of an anal 
tube which would have been normal to this type of struc- 
ture, or at least is normal to all other members of the fam- 
ily to which this belongs—the Dolatocrinidae. 

3. In general, crinoids which have been found to bear 
parasitic gastropods have no anal tube but only a slight 
protuberance. Exceptions to this statement are rare and of 
uncertain value. Actinocrinus verrucosus Hall has an anal 
tube but a specimen is reported by Keyes, with an attached 
snail. In this crinoid, however, it appears that the tube 
has been broken off and an aperture developed on the dome. 
Wachsmuth and Springer refer to Actinocrinus multiramo- 
sus in which this anal tube is retained and a gastropod is 
attached to the tegmen below.’ 

4. The parasitic condition so rampant in these early 
Carboniferous ages disappeared entirely so far as present 
records indicate, with the disappearance of the fauna from 
the various shallow seas of the world. There are instances 
of the continuation of some of these parasitized genera of 
the Mississippian into the marine faunas of the Coal Meas- 
ures (that is, Aorocrinus) but in none is the condition of 


1 Keyes, 1888, pp. 235, 237. 
21897, “‘N. Amer. Crinoidea Camerata,’’ p. 566. 
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parasitism continued. The habit was extinct; I think we 
may say that this particular adjustment had been extin- 
guished. 


SYMBIOTIC CONJUNCTION OF CRINOIDS AND 
STARFISHES 


This is a habitude which, so far as known, is exhibited 
only in the Mississippian fauna of the Lower Carbonifer- 
ous and on its face it would appear to be a purely voluntary 
association, as there is no anatomical evidence that the star- 
fish has sacrificed its locomotive 
function and none that the adjust- 
ment is essentially unlike the associa- 
tion between Glyptocrinus and Cy- 
clonema. The known facts regarding 
the combination are interesting. The 
starfish is Onychaster fleailis Meek 
and Worthen; it has rarely been — 
found undetached. The  erinoid 
seems most commonly to have been 
the high-domed species Actinocri- 
nus multiramosus. Wachsmuth and 
Springer’ tell of finding forty speci- 
mens of this crinoid in the Craw- 
Sade a vote me fordsville shales of Indiana, of which 

ee Pak oe fometacien nearly one-half had the attached 

attached to the anal tube. Starfish, and these authors were 

(After Wachsmuth and strongly disposed to the view that, 

Spee because of the elevation of the anal 

tube and the situation of the waste 
aperture near its apex in a position seldom if ever cov- 
ered by the mouth of the starfish, the association was one 
of comfortable attachment only. Reference is made by 
the same writers to the fact that this starfish at the locali- 

11897, ‘‘N. Amer. Crinoidea Camerata,’’ p. 566. 
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ties of their observation occurs on no other crinoid species 
except Scytalocrinus robustus, which also possesses a long 
anal tube but with the aperture far down toward the base 
and within easy reach of the starfish. We here illus- 
trate a Baryerinus (Bb. Hoveyi Hall), a species without 
anal proboscis, engaged with this starfish. No evidence 
exists that this habitude continued beyond the Lower Car- 
boniferous. One familiar with the feeding habits of the 
starfish from ancient Devonian times to the present would 
be disposed to suggest that the association under present 
consideration can be only for feeding purposes. That this 
may have been ‘‘a favorite resting place’’ (Wachsmuth and 


Fig. 66. The crinoid Barycrinus Hoveyi with the starfish Onychaster flexilis inter- 
twined with the arms. Mississippian. 


Springer) for the starfish will hardly explain it. The small 
boy in an apple tree is not there to rest. This affiliation, 
its constant recurrence always between the same species of 
starfish and a very few species of contemporary crinoids; 
limited apparently to the very brief period which repre- 
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sents only the life of the species Onychaster flexilis, may 
have been an attack upon the crinoid animal through its 
oral aperture. But whether it intimates an actual state of 
dependence or might under favorable circumstances have 
developed into a true parasitism we do not have to decide, 
as nature quickly wiped out the combination through causes 
which we cannot know. 


THE WORK OF PSEUDOPARASITIC BORING 
ORGANISMS 


On almost every sea beach one ean find the shells of dead 
or living mollusks bored full of minute tubes. No skeleton 
of the sea, except those essentially free of lime, escapes the 
attack of the borers. And as our present beaches and sea 
grounds abound with these things, so did the seas of the 
Paleozoic ages. 

Such borings and borers have been much studied in their 
living form, an interesting lterature has grown up about 
them, and perforations of like character in ancient fossils 
have been occasionally noticed. There can be no denial of 
their important present and past activity in the breaking 
down of accumulated lime and its return to the sea waters. 
Kolliker* pointed out in much detail the general diffusion 
of certain boring ‘‘vegetable parasites’’ among the many 
varieties of calcareous shells in the existing fauna and he, 
with others, the vast total of dissolution of lime wrought 
by this ageney alone. Such shell perforations have been 
ascribed to different organisms, both animals and plants; to 
the algae and fungi, to the boring sponges and to the bor- 
ing worms. The more conspicuous rock excavations made 
by such boring mollusks as Teredo and Pholas’ and nestling 


1 Annals and Magazine of Natural History, ser. 3, VW. 4, ps 3005) Aisaok 
Zeitschr. f. Wissensch. Zodlogie, v. 10, p. 215, pl. 15, 16. 1860; Quar. Jour. 
Microscop. Sci., v. 8, p. 171. 1860. 

2 Boring mollusks are known from Paleozoic seas and Whitfield has fioured 
such an occurrence (Corallidomus concentricus in the coral Labechia) from the 
Ordovician of Ohio (see ‘‘Geology of Ohio,’’ v. 7, p. 493, pl. 138. 1893). 
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cavities made by certain sea urchins are not included in the 
present category. 

Plants. Our attention may be given first to the plant 
parasites of the Paleozoic rocks. These are invariably very 
minute filamentous tubes often showing the swellings of 
hyphae or sporangia. There has been a constant and con- 
tinuing difference cf opinion among the students of the liv- 
ing forms of such boring plants, as to whether these are to 
be regarded as fungi or algae. Kolliker’ believed them all 
to be fungi, as he could not satisfy himself that the fila- 
ments in the living forms showed cell partition. Loomis? 
has also identified as fungi such occurrences in the Clinton 
(Silurian) fauna of New York; while Wedl regarded the 
living forms as algae® and Dunean,* who specially studied 
these borings in fossil corals of the Silurian, Devonian and 
Tertiary, agreed in regarding these minute tubules the 
work of unicellular algae. Naturally the distinction in the 
fungous and algal character of these borings in the fossil 
state is very difficult, and for our present purpose not of 
high importance. Duncan gave a common name to all these 
coral-boring plants regardless of geological age; Palae- 
achlya perforans, and determined them in the Silurian coral 
Gonophyllum pyramidale, the Devonian coral Calceola san- 
dalina; also in a Silurian Cyathophyllum and an Ordovician 
“‘Horaminifer from Canada,’’ whatever this last may have 
been. : 

The clearest ight upon the nature of these boring plants 
has been given by the botanists Bornet and Flahaut’ after 
exquisite operations in the isolation of the plants from their 
stony matrix. These investigators were able to determine 
from growth-habit, structure, sporangia and fruit, that the 

1 Op. cit. 

2F. B. Loomis. N. Y. State Museum Bul. 39, p. 223. 1900. 

8 Sitzungsb. d. k. Akad. d. Wissensch. v. 33, p. 451, pl. 1-3. 1858. 

4Quar. Jour. Geolog. Soc. London, v. 32, p. 205, plate. 1876. 


5““Sur les algues perforantes,’’ Bul. Soc. Botanique de France, v. 36, 
p. 147. 1889. 
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living plant borers were chiefly green and blue-green algae, 
only two of their species being recognized as having a prob- 
able affinity with the fungi. In a very instructive paper by 
Duerden' on the effect of these algae in the disintegration 
of recent corals, it is remarked that the red algae also have 
now been recognized among these borers. 


@ d 
Fig. 67. Boring Plants (recent). a. Stphonocladus voluticola Hariot. x 80. 
b. Gonontia? x 250. ce. Gonontia polyrhiza Bornet and Flahaut. x 250. 


d:  Mastigocoleus testarum. x 330. (After Bornet and Flahaut, op. cit.) 


That the debris of the Paleozoic beaches and the shallow 
grounds of the sea, the living as well as the dead shells, 
were abundantly attacked by these microscopic plant para- 


1Bul. Amer. Mus. Nat. Hist., v. 16, p. 323, pl. 32. 1902. 
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sites has been very obvious to the writer in his studies of 
twenty-five years ago on the intimate structure of the shell 
in the ancient brachiopods. In brachiopods, wherever the 
secondary change in the shell substance has been so gradual 
as to cause no disturbance of the fibrous tissue and of the 
vertical perforation which is normal to much brachiopod 
shell tissue, these vagrant filamentous tubes are readily 
recognized and often evident. Such borings are exceed- 
ingly abundant in the Devonian corals. If they have been 
less often seen in the acephalous mollusks it is perhaps be- 
cause the secondary shell substance is less perfectly re- 
placed. I think paleontologists who have given their at- 
tention to such microscopic structures would be well agreed 
that, for the brachiopods and corals at least, objects which 
presented freest opportunity for attack, these riddling 
algae were far more abundant in the Devonian than in the 
Silurian and Ordovician; though the evidence of their 
abundance even in the Lower Ordovician sea under con- 
ditions in which hematite iron is segregated in shoal waters, 
has been given by Hayes’ who, with the approval of Gil- 
bert Van Ingen and W. O. Howe, refers them to the blue- 
green algae. The existence of such algal borings in the 
scales of cretaceous fishes has been recorded by Wedl? and 
by Rose.’ The heavy plates of the Devonian fishes would 
seem to have afforded favorable conditions for such opera- 
tions but they have not thus far been searched. 

We have no clew at all to the inception of this very ex- 
traordinary adjustment or of the mode of acquirement by 
the filamentous plants of the singular property of dissolv- 
ing or otherwise excavating their tubes in hard organic 
lime deposits. How the work is done by the plant is still, 
amid various suggestions of chemical and mechanical ac- 


1A. O. Hayes. The Wabana Iron Ore of Newfoundland: Canadian Dep’t 
Mines; Geol. Survey, Mem. 78, p. 75, pl. 1. 1915. The colored plate shows 
coiled tubules in the nucleus of the iron spherulites. : 

2Wedl. Op. cit. 

3C. B. Rose. Trans. Microscopical Soc. London, n.s., v. 3, p. 7, pl. 1. 1855. 
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tivities, an unsolved problem. This activity of course plays 
a large part in the scavenging process which helps to clean 


Fig. 68. Perforating algae Hayesia hematitica 
in the shell of the brachiopod Lingula. From 
the iron beds of the Wabana series (Ordovi- 
cian). Conception Bay, Newfoundland. 
a x110. b. x 100. (A. O. Hayes, op. cit.) 


up the organic excesses 
and restore the inor- 
ganic balance of nature. 
If algae can cause the 
deposition or secretion 
of lime carbonate, as 
they began to do on a 
vast scale even in Pre- 
cambrian times, and do 
this in effect by extract- 
ing the excess molecule 
of carbon dioxide from 
waters carrying lime 
carbonate in solution, 
it seems reasonable to 
believe that in the same 
early ages algae might 
also have been the in- 
struments of lime solu- 
tion by virtue of the 
excessive atmosphere of 
carbon dioxide which 
they of necessity car- 
ried about them. Gener- 
ally estimated we must 
ascribe to these plant 
parasites an early adap- 
tation and an increas- 
ing activity which seems 
to be in fair correspond- 
ence with the increase 
in lime-shelled inverte- 
brates. Unknown hith- 
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erto in the Cambrian, occasional in the Ordovician, more 
common in the Silurian, they became abundant and wide- 
spread in the Devonian and thence onward to the present 
fauna and their activities now are known not to be confined 
to the salt waters only.* 

Sponges. Excavations which seem referable to the activ- 
ities of perforating sponges of types comparable to the liv- 
ing Chonaand Thoosa, which 
are familiarly known to bore 
im calcareous remains, have 
been observed by us in va- 
rious brachiopod and acepha- 
lous shells of the Devonian. 
Our record of them does not 
extend into the earlier fau- 
nas. Weare holding thesame 
reservation regarding the 
precise nature of some of 
the borings here assigned to 
sponges of this type because 
of want of full comparative 
evidence, but the assignment 


Fig. 69. Boring algae in the test of 
is based on comparisons of the trilobite Odontocephalus selenu- 


. y 7 > OF 
size and mode of growth as mls (Denon) 20: 


between the microscopic tu- 

bules of the algae and the large regular tubes of the worms.” 
In a previous discussion of such perforating organisms® we 
instituted the generic designation Clionolithes for a group 
which was based on the form described by McCoy? from 


1See T. S. Collins. ‘‘Some Perforating and Other Algae on Fresh Water 
Shells’’; Hrythea, v. 5, p. 95. 1897. 

2 Comparison with the tubules of living perforating sponges may be made 
by reference to the work of Emile Topsent in the Archives de Zoologie Experi- 
mentale, 2d ser., v. 5 bis, 1887, 1891; 4th ser., v. 7, 1907. 

3“‘ Dependent Life.’’ 

4“¢ British Paleozoie Fossils,’’ 1855, p. 260, pl. 13, fig. 1, la. 


Fig. 70. Clionolithes radicans. Etched specimen of an old shell of the brachi- 
opod Dalmanella superstes of the Chemung shales (Upper Devonian), with a 
multitude of irregularly branching borings riddling the shell and apparently 
starting inward from the shell margin. x 10. 
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the Silurian as Vioa prisca and which was made by us to 
include not only tubes of that type, that is, straight sub- 
clavate fillings, but also very much smaller, much more 
intricate, arborescent or vagrant tubules. It is evident to 
us now that only the latter can be assigned to the sponges 
and that hence our name Clionolithes, devised to suggest 
relationship to sponges, is applicable only to this division. 
It is proposed to retain the name for that group, even 
though this may not be in precise accord with proper no- 


Fig. 71. Etching of a tube cluster of Clionolithes radicans in the shell substance 
of the brachiopod Leptostrophia magnifica. From an enlarged photograph. x 64. 
Grande Greve limestone (Lower Devonian). 


Fig. 72. The same in a shell of Atrypa reticularis from the Chemung sandstone 
(Upper Devonian). 


88 ~ ORGANIC DEPENDENCE AND DISEASE 


menclatorial procedure. The Vioa prisca and its type being 
undoubtedly worm borings must take a more appropriate 
- designation. 

We are referring to Clionolithes, the form C. radicans, 
which enters brachiopod shells by a simple perforation 
and once within the shell substance produces a radiate and 
arborescent or root-shaped colony. Shells are often quite 
riddled by these colonies, which may maintain individual 
independence, no matter how numerous, though at times in 
a thick shell, galleries may so overle one another as to ap- 
pear massed or felted. Itis this form of sponge which may 
be taken as the type of the genus. 

Clionolithes palmatus, which has been found only in the 
soft shales of the Portage group (Upper Devonian), pre- 
sents a somewhat different aspect from C. radicans in its 
broad, sparsely branched or palmate tunnels. 

Clhionolithes reptans is a filamentous and vagrant tube 
tunneling just beneath the surface of the host-shell. It is 
common in brachiopod shells of the Lower Devonian and it 
is assigned to the sponges because there seems no better 
present interpretation of it. 

Of entirely different type and of much greater size is a 
perforating sponge which we observe in the Middle De- 
vonian Stromatoporas of Iowa. In this there is a large 
spherical central body from which stout cylindrical arms 
radiate into the coral substance. The formation of the 
tunneling appears to begin with the gradual burial of the 
round centrum with its branches and the subsequent exca- 
vation of additional tunnels by later outgrowths of the 
colony. These sponges have been found both as depres- 
sions at the surface of the coral and as completely buried 
bodies within the coral substance and revealed only by eut- 
ting. 

This parasitic sponge we shall designate Topsentia de- 
vonica. 

Worms. The boring worms of the existing fauna have 
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Fig. 73. The surface of a Stromatopora from which three individuals of Top- 
sentia, a boring sponge, have been removed by weathering. ; 


been especially studied by E. Ray Lankestert and W. C. 
McIntosh’ who have described the habits of such genera as 
Sabella, Leucodore, Dodecaceria, whose individuals abun- 
dantly penetrate corallines, corals, limestone and other 
rocks. Sabella saxicava Quatrefages makes a_ usually 
straight tube, but these are often deflected or curved, some- 
times looped so that both extremities protrude. This loop 
shape is a habit common to a number of worms which bury 
themselves in soft mud, and is familiar in the sediments of 
the Paleozoic rocks. Such U-shaped burrows into the sea 
bottom have been recorded in rocks as old as the early Or- 
dovician.* The same shape characterizes some of the living 
worms which construct agglutinated tubes. Such tubes as 

1 Annals and Mag. of Nat. Hist., April, 1868, p. 233, pl. 11. 

2 Ditto, October, 1868, p. 276, pl. 18, 20. See also W. Blaxland Benham in 


Cambridge Natural History, 2, ‘‘ Polychaet Worms,’’ p. 287. 
3 See Hayes, op. cit. 
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Figs. 74, 75. The perforating sponge Topsentia devonica in a Middle Devonian 
Stromatopora (Iowa). Fig. 74 is a polished section; Fig. 75 shows the embedded 
sponge by transmitted light. 


these made by the worms are in contrast to the perforating 
tubes described because of their usual simplicity and their 
greater size, and among the fossil occurrences these fea- 
tures lead to comparatively easy and safe recognition. 
These simple worm-borings are found in many sorts of 
solid calcareous organic masses in the Paleozoic rocks. 
While we find in the Ordovician worms’ growing concur- 
rently with solid corals or coralloid bryozoa, like Praso- 
pora, there is no present evidence of perforating worms 
boring into such masses and more specially into mollusecan 
and other heavy shells, until late in the Silurian, from which 
date they acquire greater abundance and in the Devonian 
faunas become widespread. As the evidence now stands 
they were rife in the early Devonian everywhere, even in 
the austral faunas of this period which are in many respects 
widely distinct from the contemporary faunas of the north.* 


1 See Clarke: ‘‘Fosseis Devonianos.’’ 
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In the later stages of the Devonian they seem less com- 
mon and become increasingly so through the rest of Pal- 
eozoic time. It would appear that the early Devonian was 
the climacteric period of these Sabella-like boring worms. 

In seeking a designation for these tubes and burrows, 
we have noted the fact that they were described by McCoy 
under the name Vioa prisca from a Silurian mollusk. 
Vioa being an existing genus of boring sponges, and as we 
are convinced that such tubes as were indicated by McCoy 
are referable to the worms, a more appropriate name is 
required and we propose to apply to all of them the desig- 
nation Paleosabella prisca (McCoy) disregarding differ- 
ences in size, which are often obvious, and of curvature, 
which are slight. We give abundant illustration of these 
occurrences and in the explanations to them point out fea- 
tures of special interest. 


Fig. 76. A stromatoporoid coral from the Niagara group (Silurian) of Hamilton, 
Ont., with weathered holes of boring worms or sponges. 
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To a flattened tube with raised edges, giving the sugges- 
tion of a distinct loop with the branches connected by a 
thin diaphragm, we have on a previous occasion applied the 
name Caulostrepsis taenola. So far as our present knowl- 
edge goes this has been seen only in strophomenoid brachio- 
pods from the Lower Devonian of the Rhineland. 


Fig. 77. Palaeosabella prisca in a valve of the brachiopod Leptostrophia. From 
the Grande Greve limestone (Lower Devonian); enlarged. 


Finally, it is worthy of note that the host-shells receive 
these boring worms in various ways. Sometimes the para- 
site starts at one surface and bores straight across to and 
through the other surface. Again a number of worms may 
commence their attacks simultaneously at the growing edge 
of the shell and while they bore parallel to, and within the 
shell surfaces, the shell grows on outward beyond the circle 
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Fig. 84. Caulostrepsis taeniola growing in the shell of the brachiopod Stropheo- 
donta from the Coblentzian (Lower Devonian) of Seifen. The margins of the 
brachiopod valves have been entered on all sides simultaneously by these borers 
which have made loop-shaped tubes joined by a median cavity. Together with 
these are simple tubes of Palaeosabella. 


of their entrance. Often the tubes adapt themselves to the 
thickening or thinning valves, taking advantage of the for- 
mer to recurve or loop, and compelled by the latter to flatten 
down. ‘The tendency to make a hook or loop, or to take on 
the U-shape, is shown in many eases and the development 
of a clavate form at the blind end is frequent and charac- 
teristic. Most interesting beyond these features is the fact 


Fig. 85. Cast of pouch-shaped (algal?) borings extending in from the surface of 
a brachiopod shell. x4. Oriskany sandstone (Lower Devonian). 
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Fig. 86. One valve of the phyllopod crustacean Hehinocaris punctata with marks 
of Clionolithes borings among the surface ornament. Hamilton group (Middle 
Devonian). 

Fig. 87. Clionolithes reptans; diffuse tubules in the shell substance of the brachio- 
pod Leptostrophia. x20. Oriskany (Lower Devonian). 

Fig. 88. The pygidium of the trilobite Homalonotus Dekayi exposing by weather- 
ing the tubules of a similar species; natural size. Hamilton group (Middle 
Devonian). 


Fig. 89. Clionolithes reptans in the shell substance of Spirifer arenosus. Oriskany sandstone 
(Lower Devonian). 


Fig. 90. A shell of the brachiopod Streptorhynchus with borings of Clionolithes canna Price. 
From the Pottsville series (Mississippian). 


Fig. 91. Clionolithes canna Price. Conemaugh series (Mississippian). Much enlarged. 


Fig. 92. Clionolithes palmatus in the shell substance of the bivalve Loxopteria dispar from 
the Portage beds (Upper Devonian). 


Fig. 93. A similar palmate boring in a gastropod shell, Loxonema, from the same locality. 
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Fig. 94. Palacosabella prisca (MeCoy). Copy of the original figure. 

Fig. 95. The same in the shell of the brachiopod Spirifer from the Chemung 
group (Upper Devonian). 

Fig. 96. Similar clavate tubes in the brachiopod Leptostrophia. Oriskany sand- 
stone (Lower Devonian). 

Fig. 97. Sketch of Palaeosabella tubes converging from the margin toward the 
thickened apex of the brachiopod Spirifer. 

Fig. 98. A similar sketch to show the bend in the tube where the shell is 
thickest. Hamilton group (Middle Devonian). 


Fig. 99. The bivalve Aviculopecten with borings all beginning at a definite 
growth-stage of the shell, outside of which the shell is regular, indicating that 
the mollusk was alive when the borings were started and continued to live 
while they were making. Chemung group (Upper Devonian). 

Fig. 100. The sponge here started in the thickened apical substance of the shell 
of a brachiopod (Leptostrophia) and as it entered the thinner part of the shell 
was forced to take on a flattened form. At the inner end it shows a tendeney 
to divide. 

Fig. 101. A hook-shaped boring in the cast of a brachiopod. Oriskany sandstone 
(Lower Devonian). 

Fig. 102. <A set of clavate borings in the brachiopod Leptocoelia. Oriskany 
sandstone. : 

Fig. 103. A series of these tubes beginning at the margin of the discinoid brachi- 

' opod Orbiculoidea. Lower Devonian. Sao Paulo, Brazil. 
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that in host-shells which have been well riddled by these 
tubes and where the channels are closely crowded together 
in numbers, there is very rarely any evidence that one 
crosses another or even touches its neighbors. 


THE DISTINCTION BETWHEN PROTOZOAN AND 
METAZOAN PARASITISM 


Fig. 104. The Silurian scorpioid crustacean 
EHurypterus fischeri from Rootzikull, Russia, 
showing an overgrowth of agglomerated 
tubules which seem to have spread from 
joint to joint but clear all articulating sur- 
faces; a symbiotic and perhaps parasitic 
growth whose nature is not fully under- 
stood. 


Modern epidemiology 
and germ pathology 
which are founded on the 
recognition of the play 
of the protozoan or pro- 
tophytic parasite in dis- 
turbing the health of hu- 
man beings, have at times 
indulged in too hasty ex- 
pression as to the prev- 
alenee of protoplastic 
germ disease throughout 
the history of life on 
the earth. Germ infec- 
tion, in the sense of pro- 
toplastic protozoan and 
protophytie adjustment, 
is universal; it enters 
into every phase of life 
and into every individual 
of the animal and plant 
world. That is, all life 
from highest to lowest is 
shot through with condi- 
tions of disorder result- 
ing from such parasitic 
adjustments. There is no 
exception. The picture 


ORGANIC DEPENDENCE AND DISEASE 105 


is that of a universal struggle to maintain existence at the 
cost of some other’s normal physiology. It is the unremit- 
ting battle of the invisible. The fight is not hidden away 
from eyes that are trained to see, and its victims lie dead 
on every field. It is a war whose harvest, surpassing com- 
putation, is the only salvation of a crowding world. 

But it is easy to forget that the picture has another side 
and that the attacks of the protozoan army and all the race 
of unicellular parasites are not by any means malign in 
their results. It is vice rather than virtue that ever chal- 
lenges widest attention. Probably more of these adjust- 
ments are benign and helpful to the host than are harmful, 
and there are as many ‘‘good’’ germs as ‘‘bad”’ ones. It is 
reasonable that the student of germ pathology should be so 
profoundly impressed with the mischievous invasions as to 
understate the helpful activities, and thus be led to such a 
conviction as that expressed by Eecles, ‘‘The Path of Evo- 
lution is the Path of Past Disease.’’ The history of such 
protozoan adjustments is not properly within the present 
scope of our subject, though we must look at certain paleon- 
tologic records which have been interpreted as devastating 
results of widespread germ infection. 


Fig. 105. Valves of the brachiopod Dalmanella testudinaria from the Lorraine 
shale (Upper Ordovician), in which disease in, or injury to, the mantle of the 
shell has produced irregular growth. 


It is not to be wondered that several writers, Metchni- 
koff and EKecles among them, who have had under their eyes 
the universality of parasitism in existing nature, should be 
very positive in their expressed inferences that destructive 
pathologic parasitism has continued for vast ages. The 
statement is undoubtedly deductively correct within certain 
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limitations of time. But we have little except inference to 
build on in applying this statement to those early periods 
of geological history in which various types of life were 
establishing themselves and with which we have been es- 
pecially dealing. 

Two reasons restrain us from attempting to ascribe such 
high influence to microdrganic disease in the early life 
periods of the earth: 

1. Inadequate records. 

2. Protozoan parasitism functions essentially as a chem- 
ical attack upon the tissue and proteid contents of the cell 
of the host for purposes of nutrition, and results in injury 
to such tissue by exudation of active poisons. In metazoan 
parasitism the injury thus caused, if any, and the adjust- 
ment in any cases, are mechanical and due to the functional 
mechanism of the parasite. 

The essential conception of germ disease is the invasion 
of the cell by another cell, in which the invader strikes right 
at the heart of the host by the attack upon the molecular 
constituents of the protein, inclusive of the chromosomes 
which are the recognized carriers of the traits which we 
characterize as individuality and heredity. It is, in other 
words, the attack of the individual cell on the individual cell, 
in which the invaded cell must rouse itself to its full power 
of opposition by the development of greater molecular 
strength and more resistant cell tissue. 

Of such procedures we can learn only from the living 
world. 

The conception that the progress of life by evolution is 
the path which germ disease has permitted and which might 
have been otherwise if not prevented, would seem to tear to 
tatters the obvious plans and purposes laid down in the 
scheme of nature—like a carpet that has been so eaten by 
moths that the pattern is gone and with it the purpose or 
the thought of its maker. We therefore emphasize the dis- 
tinction between protozoan and metazoan parasitism and 
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regard this distinction important and essential. It is not 
easy to ascribe to the former as we now understand it, any 
other force than a pulsing chemistry. In the parasitic 
association of metazoans that conception must be wholly 
put aside; here the association is a mechanical one though 
governed by a pulsing vitality. It is easy to say that the 
latter is naturally a derivative of the former, much less 
easy to show evidence for the assumption. The latter is 
probably successive in time to the former but we cannot 
show that it exists because of the former. 

The course of protoplastic parasitism is essentially chem- 
ical and so when it is really pathologic, chemical neutraliza- 
tion is the accepted practice. But the procedure in destroy- 
ing the bacillus of tetanus is of an altogether different code 
from the procedure for the destruction of chigoes, tapeworm 
or trichina. The ‘‘attack,’’ or speaking with exactitude, 
the adjustment of the sporozoan parasite, is, as we have 
stated, an invasion of the molecular contents of the cell and 
an absorption of its protein; in the metazoan parasite the 
attack involves an ablation or readjustment of organs or 
organized tissue. 


SPOROZOAN AND BacTErIAL PARASITISM IN 
GroLocicaL History 


There are pretty clear evidences of the activity of epi- 
demic infections in geological history and there are, besides 
these, occurrences which have suggested such interpretation 
but which may be open to other construction. We have the 
word of such botanical specialists as Massee* and Berry 
that even in Carboniferous times the plant world had be- 
come infested with parasitic fungi, a fact which of itself 
bespeaks a long development leading up to these adjust- 
ments. 


1 Massee speaks of four hundred species of such parasitic Carboniferous 
fungi. ) 
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Many writers on the causes of extinction among the ver- 
tebrate races of the past have predicated much of germ 
infestations. Perhaps no one has more effectively summa- 
rized these causes of extinction than Henry Fairfield Os- 
born.t Any student who seeks suggestive evidence of an 
intensifying cause of race extinction which is wholly collat- 
eral to the imperious control of decline in racial vitality, 
will be impressed by the facts which have been set out in 
detail by Professor Osborn. From them, however, we can 
glean no conclusive deduction that any such attacks from 
external agencies, however devastating the records show 
them to be at the present time,—trypanosomiasis, rinder- 
pest, tick fevers, sulla, uncinariasis and other such patho- 
logic expressions which sweep away their victims in epi- 
demics, have ever reached the climax of actual race 
extinction. Notwithstanding the raids by these agents and 
the check which they put upon reproduction, still the subject 
races seem to possess sufficient adaptability and surviving 
competence to outlive them. It is easy to understand that 
such might not be the case with a declining stock whose 
racial vitality is already departing and whose impending 
extinction might well be accelerated by such invasions. In 
phases like this it may well be conceded that, as an acces- 
sory cause, germ infection has been climacterie. 

We shall have, sometime, to estimate the differential 
effects of such epidemic attacks of protoplastic disease ac- 
cording to, or in terms of, the vital phase of the race at- 
tacked; for a race at the summit of its vitality can better 
resist and fully survive such infestation than in its declin- 
ing stages. And it goes without further statement that the 
growing and aspiring race which is reaching forward to its 
climax would sturdily resist such invasions. Finally, we 
may add that the discovery in the Tertiary rocks, of species 
of the tsetse fly whose present-day descendants are carriers 


1 American Naturalist, Nov. and Dec., 1906. Lull, Lueas, Williston and 
Moodie have also, among others, written interestingly on this theme. 
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of the trypanosomes of the deadly sleeping sickness, must 
not be too quickly interpreted as evidence of the same infes- 
tation in Tertiary times. It may be so, of course, but the 
ease and quick change of adjustment, known to every stu- 
dent of the lower organisms, must invoke caution in such 
interpretations. 

In connection with these thoughts we naturally revert to 
Walecott’s important determination of a Micrococcus from 
the Precambrian rocks—the earliest form of life and the 
simplest; yet, in the opinion of the most competent, indis- 
tinguishable from still living forms of bacteria. We touch 
this delectable morsel of fact with caution—it stands as yet 
alone and independent, but it opens the door to a new, vast 
and inviting field of microscopic research among the older 
rocks, which affords the promise of much light upon the 
history of bacterial functions. 


SUMMARY AND CONCLUSIONS 


Out of the facts and reflections here assembled it would 
seem that these conclusions regarding the beginnings and 
the progress of symbiotic dependence may safely be drawn. 

1. Symbiosis was inaugurated very early in the history 
of life. It visibly existed in the Ordovician fauna and in- 
ferentially must have been present in the Cambrian ages. 

2. In these early stages of life its occurrence must have 
been rare and sporadic, even if we grant that it prevailed 
in the soft-bodied animals or plants that have left no fos- 
sil remains. 

3. Such combinations, in their inception, were innocu- 
ous and took on the primary expressions of commensalism 
or mutualism; partnerships which were in most instances 
undoubtedly of mutual helpfulness at the start, whatever 
the risk to progress. In the most notable of these ancient 
combinations, in which the highly innervated worms were 
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conspicuous partners, the combination was evidently at the 
control of this active member which established itself on 
the passive member as ease or convenience may have di- 
rected; but continued such partnerships as established 
habits. : 

4. Complicated associations of three or more partners 
became fixed only in secondary faunas and evince prede- 
termined procedures in selection. 

5. In an early secondary fauna, casual or haphazard as- 
sociation which found one creature’s struggle for food 
eased by the alimentary processes of another, led gradually 
to habitual association which eventually became a fixed 
habit and involved entire and hfelong dependence; created 
a parasitic state; transmitted this acquired habit from gen- 
eration to generation; compelled modification of form in 
the parasite and unquestionably interfered with the ali- 
mentary functions of the host. This habitude of dependent 
parasitism lasted for millions of years and its culmination 
took place not at the period of the highest development of 
the offending organism but in the decline of the race when 
racial strength was failing; but it did occur at the climax 
of the host-species. There are evidences of a struggle on 
the part of the host-species to throw off the parasite by the 
erection of structural defenses for the obstructed function. 
The host-species came to a sudden end. 

6. It appears to be evident that the members of the prim- 
itive fauna and flora, that is, of the first assemblage of life, 
were unimpaired by any ‘‘perturbation of normal activi- 
ties.”’ 

7. The first and primitive division through the kingdom 
of life was just within the beginning, when the earthy ma- 
terials breathed upon and infused with that interacting vi- 
bratory force (bion) which we call Life, became in progres- 
sive development in one part free from, and in the other 
part attached to the earth out of which both emerged. Thus 
came the chasm between the free animal and the dependent 
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plant world; a division which cuts so deep it has never been 
bridged nor can be. Independence and dependence were 
established as the elemental and essential partition of the 
kingdom of life. 

8. Individual and locomotive independence then, it would 
seem, has been the major function and prime determining 
factor in the progress of life. We find even in the plant 
world, fettered as it is, the effort to get free or to develop 
along the lines of the animals as shown in the development 
of specialized functions to which we have referred. But 
the plants never have got free. Their dependence is incur- 
able under Nature’s codex. All progress in life, as 
reckoned in terms of man, has come through independence 
and through those lines of animal life in which independ- 
ence has been maintained at any cost. It is safe to say that 
none of the physical ancestors of man, however remote the 
direct line may have run, have ever surrendered their phys- 
ical independence or suffered essential modification through 
perturbation of their normal activities. 

9. Disease, then, in its broadest sense, so far as it means 
a disturbance of normal living, is a synonym of abnormal 
living; that is, of any life that has departed from the primi- 
tive impulse to a consistent, coordinated and fully com- 
petent physiology. 

10. _ If dependence has affected and sealed the fate of one 
great division of the Kingdom of Life, so that it is and 
must remain subsidiary to the larger purposes of nature, 
dependence also has entered upon, invaded and degenerated 
a very large part, indeed, probably the major part of 
the other, the animal world. Here it seems to us that 
the dependent condition thus enforced is of a different or- 
der of quality than the aboriginal dependence of the plant 
world. Dependent races of animals have sought or accepted 
dependence as an easier mode of living, either waiting upon 
the unconscious forces of Nature, waves and winds, or on 
the normal activities of other animals. Such dependence 
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has entered in some degree upon all primitive stocks of ani- © 
mal life and from such racial dependence there has been no 
escape. The lines in the animal world along which links in 
the chain of advancement have continued unbroken, are but 
few; the rest have run out into culs-de-sac where all hope 
is abandoned. Their expressions are about us on all sides. 
Neither barnacle nor brachiopod shows any tendency, after 
the ages, to return to its original independence. 

11. It is thus emphatically true, in Nature’s program, 
that physical salvation is of the few and is the reward only 
of righteous living. 

12. We must not try to escape the conclusion that mi- 
crobic disease is an abnormal adjustment in which the para- 
site lives its own dependent career at the cost of the host. 
The disease is of the host,—our friend suffers from tuber- 
culosis,—but the life of the parasite though fully adjusted is 
still abnormal. For we have now evidence that the bacteria 
were in their inception free and independent. Their de- 
pendence is an acquisition of time. ‘‘Benign’’ or ‘‘malig- 
nant,’’ from our point of view, there is little place for belief 
that either will change its adjustment. 

13. For dependent races of life there has been no rescue 
or return. For dependent species, we are not so sure, but 
the present evidence is not very favorable. We have inti- 
mated for the case of the crinoid and the ‘gastropod that 
the former may have exerted its comprehending defensive 
power to drive its parasite away. Frequently a host en- 
cysts its parasite by building up a protective wall about it. — 
To get rid of a parasite is not, however, to cure the parasite 
habit. 

14. Rescue of dependents is therefore not a part of the 
scheme of Nature, except through the exercise of intelli- 
gence. In Nature’s plan of evolution dependents of all 
sorts are negligible and abandoned to hopelessness, save 
as gradually developing psychic factors intervene. 
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To the thoughtful person who concedes that the physical 
and the intellectual functions of man can be apprehended 
only in the light of their historic development and through 
an understanding of their vast ancestry; who grants that 
the laws of life are uniform and effect the same governance 
whether in man or the insect; and who sees that the read- 
ing of the law is clearest where the tablet on which it is in- 
scribed is least obscured, in its simplest manifestation 
rather than in its most complicated effects; to such as these 
the data and conclusions here should prove operative argu- 
ments. To those who have accustomed themselves rather 
to deductive thinking, who have been wont to conceive that 
the nature of man is to be construed from subjective and 
projected conceptions of what ought to be in order to con- 
form to an introspectional standard; those who have not 
yet fully learned their subjection to Nature’s laws, are en- 
grossed with the passing interpretations of social prob- 
lems, with expediences of the statute and the cares of the 
world; to these should go the assurance that in greater 
measure than they may have suspected the clue to human 
destiny and social adjustment lies concealed in the rocks 
beneath our feet. 
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THE MINERAL RESOURCES OF THE STATE OF 
| NEW YORK 


BY DAVID H. NEWLAND 


INTRODUCTION 


This report is intended to serve the purpose of a general guide 
to the mineral resources of New York. It presents the principal 
facts regarding the character, occurrence and production of the 
useful minerals, with reference to particulars of the local features 
that bear upon their industrial utilization. It supplements and 
extends the information contained in the annual ‘‘ The Mining and 
Quarry Industry of New York’’ which has been published as a 
bulletin of the New York State Museum since 1904. 

The preparation of a treatise of this kind requires the cooperation 
of practically all who are engaged in the related industrial fields. 
Cordial acknowledgment is rendered by the writer to those who 
have assisted him by supplying information in the office or at the 
mine and for the many opportunities which he has enjoyed of 
personally inspecting new and interesting operations. The aid of 
many individuals has also been solicited, for which a general acknowl- 
edgment is here made. To C. A. Hartnagel has fallen the task 
of final supervision of the manuscript. 

The need for a new and revised account of our mineral resources 
has been emphasized in the last year or two by the changes that 
have taken place in the economic relations of raw material supplies. 
Some materials have taken on increased importance through the 
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expansion of the market demands, making feasible the working of 
deposits hitherto considered of remote value; for others the con- | 
ditions have not favored any enlargement of productive activity 
and even in some instances have caused a notable contraction from 
the normal quotas; but for nearly all it may be said that the course 
of economic development has been under the control of factors 
scarcely anticipated and whose effects will continue to be felt after 
the special causes themselves have been removed. 

The statistical canvasses of the mineral industries for the years 
1917 and 1918, which were conducted by this office in cooperation 
with the United States Geological Survey showed the value of the 
products for 1917 to have been $51,935,094. This represented a 
gain of $5,987,147, or 13 per cent, in the value as compared with 
that reported for 1916. In 1918 the value of the products amounted 
to $54,169,287, an increase of $2,234,193 in value over the year 1917. 
As shown by the statistics on following pages the increased 
value of the output for 1918 resulted partly from an increase in 
quantity of a few of the mineral products together with higher 
prices; and partly from the increased value of some of the products, 
although the quantities produced were less than in the preceding 
year. The values given for both the years 1917 and 1918 are new 
records for the mineral industry. 

The products of which notice has been taken in the statistical 
investigations number over thirty and with few exceptions represent 
their first forms as they come from the mines or quarries without 
elaboration or manufacture, except so much as may have been 
necessary to put them in marketable condition. They are not 
inclusive of secondary products like iron and steel, ferro-alloys, 
aluminum, coke, sulphuric acid, alkali products of salt, artificial 
graphite, calcium carbide, etc., that are made from the crude ores 
and minerals and that in combined value far outrank the reported 
total for the basic materials. 

Among the materials that have an important place in the list 
of products are iron ore, zinc ore, pyrite, gypsum, salt, portland 
cement, petroleum, natural gas, talc, graphite, clay wares and stone. 
The production of iron ore for 1917 is given as 1,356,o11 long 
tons with a value of $7,381,333, an increase in value but a decrease 
in quantity as compared with 1916. In 1918 the production in 
long tons is 899,970 with a value of $5,802,870. The production 
of zine ore for 1917 totals 47,961 tons and the value based upon 
the metal contents $1,059,186. In 1918 the corresponding production 
amounted to 40,850 tons having a value of $687,230. Of pyrite 
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the total quantity for 1917 is 57,075 long tons with a value of 
$354,000. In 1918 the amount is 63,982 long tons with a value of 
$422,958. Gypsum, the basis of hard wall plasters and plaster of 
paris, reaches in 1917 the new figure for quantity of 606,268 tons 
valued at $2,036,820. In 1918 the production amounted to 531,038 
tons with a value of $2,670,099. Salt, inclusive of rock and evapo- 
rated salt sold as such and the salt contents of brine used.in alkali 
manufacture, shows a large gain for the year 1917, with a total 
yield of 15,457,636 barrels valued at $5,371,713. Salt in 1918 
showed a total of 15,218,071 barrels valued at $7,336,867. 
Portland cement is recorded with a production in 1917 of 5,408,726 
barrels and a value of $7,050,656. The same material in 1918 
showed a production of 4,074,159 barrels valued at $6,568,746. 
The output of petroleum for the year 1917 is practically unchanged 
from that of the preceding year, amounting to 879,685 barrels 
valued at $2,850,378. The 1918 output showed 808,843 barrels 
valued at $3,307,814. Natural gas for 1917 shows little fluctuation 
from 1916, the flow measuring 8,371,747 thousand cubic feet, worth 
$2,499,303, and in 1918 a flow of 8,460,583 thousand cubic feet with 
a value of $5,673,131, a large increase in value. For talc the output 
in 1917 of 74,671 tons valued at $881,462 represents a decline from 
the 1916 output of nearly 20 per cent. The 1918 output of 71,167 
tons shows a small decline but with an increased value, the total 
production amounting to $902,100. The product of crystalline 
graphite in 1917 of 2,941,040 pounds is valued at $261,548. The 
1918 production of 3,266,518 pounds valued at $273,188 is about 
the average. For clay-building materials the figures indicate a 
decided depression, and the outputs for 1917 and 1918 are smaller 
than for many years. Of building brick the total number for 1917 
is only 660,183,000 valued at $5,118,966, or scarcely 60 per cent 
of the normal quota. The year 1918 shows a still further depression 
with a production of but 314,428,000 valued at $3,063,555. For 
other clay wares, exclusive of pottery, the aggregate value for 1917 
is put at $2,232,616, which represents about the same proportion 
of the average product. In 1918 the clay wares showed a total 
production of $1,781,927. The production of pottery, however, 
registers important gains for both years, the combined value of 
all grades in 1917 being $4,076,817; the 1918 value $6,047,472. 
In the quarry industries conditions during 1917 and 1918 seem 
to have been active in some branches, but in general the reverse 
of prosperous. The value in 1917 of the quarry products altogether 
is placed at $6,283,556, and in 1918 at $6,106,756. The large 
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increase in the output of limestone for the last two years is about 
balanced by declines in sandstone, trap, granite and marble. Among 
the miscellaneous materials that enter into the statistics of production 
for the last two years, with their respective values, are the following: 
For 1917, natural cement $41,395; crude clay $51,505; emery 
$170,223; feldspar and quartz $65,638; garnet $193,440; millstones 
$22,103; metallic paint $37,282; mineral waters $562,874; molding 
sand $808,550; other kinds of sand, including gravel, $2,237,897: 
sand-lime brick $130,626; slate $55,207; and apatite, diatomaceous 
earth, marl, peat, and gasoline from gas wells, of which the aggregate 
value is estimated at $100,000. For 1918, natural cement $7625; 
crude clay $41,541; emery $61,660; feldspar and quartz $73,230; 
garnet $232,661; millstones $25,488; metallic paint $10,228; mineral 
waters $566,910; molding sand $770,512; other kinds of sand, 
including gravel $1,405,960; sand-lime brick $79,515; slate $11,383; © 
and apatite, diatomaceous earth, marl, potash, unclassified stone, 
gasoline recovered from natural gas, and minerals used for gem 
purposes $237,861. 
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Mineral production of New York in 1916 


UNIT OF 


PRODUCT atl a QUANTITY VALUE 
Pectivad Cement. of. 8 arhelserre ae 5 603 477 | $5 752 809 
INaturalicement so. 03.22.05. 0% Barrels eee iis 104 415 51 635 
TICK). hse een es Thousands...... 982 942 6 497 270 
(PPB EBEY 5 5 cout alel See ea a eA TB ia cee a LA Salita aR ea Gebel 3 344 672 
MPG ta PROGUICES. (re 102 Ve OO Uae ee I 913 070 
HCE. CE Ee es ee es Short tons...... II 158 36 413 
E83 7 5 Ges RRS Reece Short tons...... 15 282 123 9OI 
Feldspar and quartz............ Short tons...... 20 379 II5 311 
SEITE Ey LS ee em eae Short tous5) 5" 5 840 198 200 
Graphite... . 2)... a te Poundstenoe ss: a a 
SESE Salas SBN en a eae Short tons...... 579 827 I 459 587 
HiGBOTE MIN: ce ae eet lens Eat ft Long tons...... I 464 9171 5 571 429 
2 LAS OES Sie A een etek an ie ea i alk eta ROR Ml are Sea ae 10 287 
Mieiaiite paint, Ooi. Fe se Short tons. }) 257. I4 572 34 206 
IMinmeralewaters 8 Po es el Gallonsaee nee 7 746 490 697 650 
ROE OAS js). oes ees Se 1000 cubic feet..| 8 594 187 2 524 115 
LP EPS SCI Oe ae BacrelSer raat asa: 874 087 2 190 195 
IRAVBETLE@ saa APN BG MA es eS Wongauonsy see a a 
Sens igi clad le aie ee Gr eee eat a Barrelsnugs es soe 14 087 750 3 698 798 
JTS LG Sra Shaya (0 0 te gee ae SHORE LOMS 2 0 a. 661 673 570 898 
Other sand and gravel.......... Short tons. ..!./.”. 7 436 424 2 O73, 9a 
mand-lime brick). ) 2.0.0... Thousands...... 15 851 109 337 
S]A0hEx Sie SAS Oe een Squares: 44/50. DOG 21 345 
PSION ADs eS hall bat ease aoe al LG Ia coe 368 119 
MRS TI RGR er tke ts soe Pua ONS Mies aha Le vie ae nee! Jue 3 672 454 
14 SGP OLRB 5 cles BS yA A a Ene ate EE 1) GEMISR oe  rN| Une 268 391 
SHIGISHOMO.s hs Geanheeea eimai Ak Sal att ONAL Uae te pee ia | eRe a 714 558 
“TSPZYD 5 5 Gualepeste Bus tee RI SMRAB ermenleey | albeter eater ancl al een Waele leeeEES A 956 100 
“1-2 Giateiel Ee GA SO ve Ae ee Short tons...... 93 236 g6I 510 
WANG MOEC cos snhd'c for os At hei Short tons...... a a 
Minto uCHiait Ca a ae RIA IM oe gate torr tate che eh tNT 2 OI 666 

Racer yi ser se mien lin eee eee NRE NOS IDS $45 947 947 


a The output is reported under “ Other materials’? in last item of table. 

b Iron ore sold for paint manufacture. 

c Includes zinc ore. apatite. diatomaceous earth, graphite, marl, mica and pyrite. The value of 
the zinc ore is based on that of the metallic zinc recovered from the mine product. 
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Mineral production in New York in 1917 


UNIT OF 
PRODUCT 13 ah ee QUANTITY 
Portland cementisye wt. agit Barrelsee ess 22% 5 408 726 
Natumalicement/ eis oo. acs ses cl. Barrels yer quis <i. 57 629 
raiding lanickt te wih. as vce Thousands...... 660 183 
FROGEET Yh wei 0) = Bl atrens shoe Riche ie RRO AROR] aS ss BE hela o keke RUG PA Ne oe ae 
Ophenmtlay- productse 7.1. pay Bim cl nlegs salons tes lal aie eal ecg ee 
MERU Cl a eimcrcinn se aah Short tons...... II 894 
LSS aS RE Re. CORTE LRN 1A HHOT ONS! we wes 15 941 
Beldspar.and iquarta.)..... wdho. Slakoreay VHopMSO LA as 14 271 
e202 eR 5 et Ma RS a hort ons. sf... 4 786 
Graphite Wd Oo See ee Pounds.........] 2 941 040 
Grypstignal cera ae een Se SHortetOnSeci ie 606 268 
aya Oya ORS SP) RC cerame? eis Wone bons s+. 4. I 356 OI! 
AVTAUISEGTIGSNE RIS Ba eyes 5 elcelee IA ek. [toe ca olan eee ec | 
Mietalllicipaimtidpeumens iis eae Shortstomsi oe. I2 557 
Wiimera, Watersc tos hue ue lias cs Gallonsieee oe 7 819 314 
WNaturaligastiy (ayer a. doe ky ates 1000 cubic feet 8 371 747 
PEiMOLeTININ ay: derma ranmet tans. oits octets Barrels. apisn<cee 879 685 
PVT abe cae tmas eta tie oh Micka he Wong Gonshis «ss. 57 075 
Sole ae ic. Saw, mucct iorosiel wots ess Barrelstairc as. ¢ 15 457 636 
loi tines SeROKGl sicG Bo adewoe oe SHOnt, LONG. ye + < 650 427 
Other sand and gravel.......... Short tons... + + 6 468 586 
Sangelime brick away es se ceb ees RbouSANGSane cee 15 535 
See mesa b anc beaadee ctr a, Bea kccld ole OTE Meme UU USieT Raia CUS en ee 
GAME aa OE Se ice atk luce eakell) Seek iSieving Sta aan sane ees ae ee 
PE TIMESTONE MBs hic cial mace ie eaeeally souaieave ices sete Welle ha Cre 
Te re i ede Von Coo Sere Nes ell teh eee cho toner che cel aa ieee 
SANGStOMeN Ben Oo eluarsnaue oyeaie sued] nek Gath cick 's citirte loll: oto ae 
MAT Sune erase le wiace late acim eanicts ATO heck te Pay eNe Acie ents aebel| ore eens eee 
BUC Meer: Ah eT aeb aE) lec aR ee Short tons...... 74 671 
PANG ORO Oni, Bee en San eR Ce Short toms. ..... 47 961 
QEMEr TAL ETIANS 6 /lo.c5'c crave Meter sballh. tis scale sal sa) a Goan, ot koro ee 
PRO Gare Sue teiechcNcrcelacine scree MNGi, ery ea ees oe 


a Iron ore sold for paint manufacture. 


VALUE 


$7 


nNHpu 


935 094 


b Quantity represents crude ore and value represents the estimated value of the zinc contents 


based upon the average selling prices of spelter in 1917. 


¢ Includes apatite. diatomaceous earth, gasoline, peat and marl; value is partly estimated. 
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Mineral production of New York in 1918 


UNIT OF 
PRODUCT SETS TA QUANTITY VALUE 

Pariland: Cement: s)he. oe 2 hoya Barrels tia iin apr: 4 074 159 | $6 568 746 
WNeiinal Cement...) ja5 «eee ene - Bartelsis si. c\52,5 LO) £67/)| 4) 7 625 
Banlding briek 70). 2sbee ee Thousands...... 314 428 3 063 555 
ae ee Mra ie Re tes tasatbite 3 ya lieotep ag anahsies -didvovann » lib walaya gy taeoness 6 047 472 
ACTER AVRO TOCUCUS ss ne ietscas mee |b cyanate ais: salle a s'lliie nua isiz eueeae! I 781 927 
Werderelam ns SPOS ‘Short tons...... 10 120 4I 541 
ey 7 ee ee SHOMMOnS: saree 8 183 61 660 
Heldspar and quartzZ.:.......::.. Short tons...... 12 998 73, 230 
Bering. 2. ON ATO, 29 Short tons...... 4 126 232 661 
SELLS wats Py sys1 apse obs «ia «aay Bounds!) 3 266 518 273 188 
S07 ESTE PO ee ee Short tons...... 531 038 2 670 099 
ronmkorere.. Vib. 2 FAS. Long tons...... 899 970 5 802 870 
LLCO TIVES. Hee Ane Cane eee iri eed Le een 2 Tao A Me gaan a 25 488 
Mie piie paint... 5.) 2. 66. a ss Short tons...... 3 396 10 228 
Widiteralrwaters! 0402422 Le Gallons. 220 Ms 5 887 746 566 gIOo 
UN TSHeib tai tere aN ae ARE ee 1000 cubic feet..| 8 460 583 5 673 131 
BS pCIEAN ote) La) AIRS aby as aye 0 0-3 Barrels) epee ea: 808 843 3 307 814 
LEE Gh Bile a i MPa Long tons...... 63, 982 422 958 
eee APE ey at’ Fock paysliahhch ays, - Bartels.oit: Pic 15 218 O71 7 336 867 
Mitoldinoasand 5 27. 2. eeiasisle cacy 4 Short tons...... 519 681 770 512 
Other sand and gravel.......... Short tons...... 3 653 052 I 405 960 
panid-lime) brick; 5 i005 .))). ees 2 Thousands...... 6 776 79 515 
“BIS hes er 5) De DE UALES) 15 1c see 853 II. 383 
atin es Fe | OL RO, ST, EO eb et apes Bh I9QI 551 
RAIS. Babi Ag EN Wi i ocr. AB bncun a prepep tts eet (tes aunt Ae 4 832 348 
Lael oT ey, Sa ROE BG GE Sho EI dR MEIER ode ET UCP | RG Dene ere 135 750 
eeasroucw en? ati Ohe, LIMITE COTE MAN Ie 2 PU 325 351 
Mi omnry eee tary ene. castl | asthe tee lhe «gph ss tines 621 750 
Ne NSE SES ae shcc sya Sistine 2-4 Short tons...... 71 167 g02 100 
Puaerere st’, . SAY, AD A! Short tons...... 40 850 687 230 
re ALCTIANS O37) ss cretigris to (s lec eeraracrot dae s/a Aled sty ets 237 861 

Metaligrtie: . Aun, SIEM ESS, PORE RICE ELS $54 169 287 


a Includes apatite, diatomaceous earth, marl, potash, unclassified stone, gasoline recovered 


from natural gas, and minerals used for gem purposes. 
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GENERAL FEATURES OF THE GEOLOGY OF NEW YORK 
AND THE DISTRIBUTION (OF THE MELINA 
RESOURCES 


Geology supplies the basis for the study of mineral deposits 
in their broader relations. The first essential in the investigation 
of the mineral occurrences of a particular region is to become 
acquainted with the geological conditions — the nature and deriva- 
tion of the constituent rock materials, their mutual relationships, 
structural characters, sequence, and the marks of physical and 
chemical changes that have taken place since their accumulation. 
Some of this required information may be conveyed by a geological 
map; an adequate map of the kind serves as a ground plan for the 
systematic description of the mineral resources of any state or 
country.! 

New York covers an area of 49,204 square miles, inclusive of its 
waters which have a surface of 1550 square miles. It has a range 
of altitude of a little more than 1 mile—from sea level to 5344 
feet, the high point of the Adirondacks represented by Mt Marcy. 

Few states of comparable area contain so long a sequence of 
geological formations and at the same time illustrative of such a 
variety of characters. Among the formations are representatives 
of almost every class of the deep-seated igneous rocks and of nearly 
all the important sedimentary groups from the early Cambrian to 
the present day. In the Adirondacks the State includes a part of 
the Laurentian highland, the foundation of the North American 
continent, made up entirely of Precambrian igneous and metamorphic 
materials. In the southeastern Highlands, which belong to the 
Appalachian mountain system, Precambrian strata are also exposed, 
both igneous and sedimentary, with later sediments lying on the 
northern flank. The Taconic uplift, with its upturned and meta- 
morphosed Cambrian and Ordovician strata, occupies the area east 
of the Hudson and north of the Highlands. West of that river 
and stretching across the State to the western boundaries is the 
plateau province of Devonian sandstones and shales, giving way 
on the north to the Lake Ontario plain which is floored mainly by 
Silurian strata. South of the Highlands, the Hudson Palisades 
represent an intrusion of basic igneous rock (diabase) in Triassic 
sandstones and shales. The Atlantic coastal plane of Cretaceous 

1 The inclusion of a geological map with the present report has not been feasible 
on account of the time required for its preparation, which would have neces- 
sitated a long delay in the publication of the volume. Separate maps of the State 
and in some instances of particular districts may be obtained from the State 


Geologist on special request. The latest map that covers the whole State is the 
edition of 1901, on the scale of 5 miles to 1 inch. 


MINERAL RESOURCES OF THE STATE OF NEW YORK 13 


and Tertiary strata — the latest addition to the continental area — 
is represented on Long Island and Staten Island. 

The history of the State as traced in its rock formations thus 
extends from the most remote period of the Precambrian through 
an ascending series of Paleozoic, Mesozoic and Cenozoic strata 
to the accumulations of the present day. 


Series of the New York Formations in order of occurrence 


SYSTEM 


Quaternary.... 


Tertiary....... 
Cretaceous... . 
MMSE 2g 
Carboniferous. . 


OsSwayOwr ts te sas 
Cattarauense (eo. 4 ane 
Chemung (Catskill)... 
Portage oi ane 


Urals She pee ee iat 
Hamnltone eens: 
Marcellas:..2050) eg: 
Onondaga.) Wace 
Oriskany eases 
Helderberg........... 


Devonian...... 


Silurian....... 


Salina ew seen 


Ordovician. ... 


LOG RAPA) AB UCLA AMER MT 


Lowvillesa sa) ae 


Chazy and Pamelia. . 


Beekmantown....... 
Potsdamaeaeen wenn 


Cambrian..... 


MNCAGHAIN CY! Mir ius 
Georgian): su 
NY CICES oCCOM UN ANGINA 
Deep-seated igneous... 
Grenville sediments... . 


Precambrian... 


STAGE OR FORMATION 


Wear ii We cis au 


ROCK MATERIALS 


Surface, clays, sands, peat, marl 

Glacial till, boulders, unsorted sands 

Bedded clays and sands 

Bedded clays and sands 

Palisades trap, shale and sandstone 

Shale and coal “‘ bloom ”’ 

Conglomerate 

Conglomerate and shale 

Shale, sandstone, thin limestone beds 

Shale, sandstone, conglomerate 

Shale, bluestone 

Shale, bluestone 

Shale 

Limestone 

Shale, bluestone 

Shale 

Limestone, chert 

Sandstone 

Limestones (Becraft, New Scotland, 
Kalkberg and Coeymans beds) 

Limestone 

‘Waterlime 

Limestone 

Shale, gypsum, rock salt, waterlime 

Dolomite 

Shale, sandstone, limestone, iron ore 

Shale, sandstone 

Sandstone 

Shale, sandstone a 

Shale a 

Shale a 

Limestone, shale, sandstone a 

Limestone 

Limestone 

Limestone 

Siliceous limestone 

Little Falls dolomite, Hoyt limestone 
Potsdam sandstone and quartzite 

Stissing limestone 

Georgia slates, Poughquag quartzite 

Diabase or trap 

Anorthosite, granites, syenite, gabbro 

Crystalline limestone, quartzite, 
graphitic schists, gneiss 


a ‘‘ Hudson River ”’ shales and sandstones. 
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To indicate the areal occurrence of the mineral resources, the 
most convenient method will be to divide the State into provinces 
in accordance with their geological makeup and history. Thus the 
Adirondacks with their ancient igneous and metamorphic rocks 
constitute one province, the Highlands with similar formations 
another, the Taconic area of metamorphosed Paleozoic strata a third, 
and the interior region of unchanged Silurian and Devonian sedi- 
ments a fourth. The Palisades with the Newark sandstone and 
volcanic rocks and the coastal plain of Long Island and Staten 
Island constitute separate but minor provinces. 

Adirondack province. The Adirondack Precambrian province 
comprises an area of about 12,000 square miles. It is roughly 
circular in outline with an average diameter of 125 miles. The 
surface is broken and rugged everywhere, but not uniformly moun- 
tainous, although much of it is covered by ridges and peaks that 
reach elevations of from 1ooo to a little over 5000 feet. The ridges 
usually trend northeast and southwest, parallel with the main 
folding and fracture lines. Along the borders the Precambrian 
crystalline rocks are succeeded by Paleozoic strata in horizontal 
beds, with a profound unconformity to mark the interval between 
the two series. 

The oldest formations are a group of highly metamorphosed 
sediments, the Grenville strata, which are upturned, often intricately 
folded and much broken up by invasions of plutonic igneous rocks. 
The Grenville strata occur in belts and irregular patches that are 
remnants doubtless of once continuous beds that spread over the 
whole Adirondacks. Their thickness is not determinable with 
accuracy although altogether they probably represent a succession 
of several thousands of feet. Despite their great age the strata do 
not differ materially from the more recent water-laid detrital 
deposits — sandstones, silts or shales and limestones — after allow- 
ance for the high degree of metamorphism they evidence. 

The igneous intrusions that invade and break up the Grenville 
include enormous bathyliths, like that of the anorthosite in the 
eastern Adirondacks which is 50 miles across and the syenite bathy- 
liths in the northern Adirondacks, and also as stocks, bosses and 
dikes. The granites in their molten state seem to have been par- 
ticularly mobile and fluid, so that their great masses are represented 
mostly by innumerable dikes, stringers and bosses that have pene- 
trated the Grenville nearly everywhere and effected changes of 
composition and physical features. The granites also are the most 
influential of the igneous rocks in contact effects and in places have 
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converted the limestones into masses of secondary silicates. The 
last phase of igneous activity is represented by the intrusion of 
diabase in dikes which penetrate all the other Precambrian rocks 
and must have occurred late in that era. 

The mineral deposits of the Adirondacks are associated with 
both the igneous and the Grenville sedimentary rocks. Of those 
having an igneous environment the iron ores are most extensively 
developed and commercially important. They consist of magnetites 
in bands, lenses and irregular bodies which have granite and syenite 
for wall rocks. Another class is the magnetite-ilmenite mixtures 
in the basic igneous materials — anorthosite and gabbro. The 
principal deposits of the latter are in the interior of the great 
bathylith, near the Mt Marcy district of Essex county, where there 
are very large bodies of the ores. The magnetites free of ilmenite 
are distributed among the smaller bathyliths and stocks of the 
granite-syenite series in the eastern, northern and northwestern 
Adirondacks, mainly within the limits of Essex, Clinton and St 
Lawrence counties. The southern and southwestern regions have 
no considerable deposits. Among other minerals carried by the. 
igneous rocks are apatite which is found in quantity in admixture 
with the magnetites of Mineville, fluorite also associated with certain 
of the magnetites, molybdenite in sporadic occurrences in granite 
of uncertain economic importance, and feldspar, quartz and mica, 
ingredients of the pegmatitic phases of the granites. All of the 
materials mentioned are genetically related to the different igneous 
rocks in whose environment they occur, although there is some 
doubt about the particular method by which certain deposits have 
been accumulated. The magnetite-ilmenite mixtures are in the 
nature of segregations of the gabbro and anorthosite magma, effected 
doubtless by gravity during the period of crystallization. The 
same principle may have been operative in the formation of the 
magnetites of the granite and syenite rocks, although in some 
examples the influence of mineralizing agencies is indicated by the 
presence of such minerals as fluorite and apatite while the greater 
mobility of the magmas has permitted the migration of the ores 
from their original environment. 

The Grenville strata contain a considerable array of ores and 
mineral materials. Compared with the igneous formations they 
are more permeable to underground water circulations, having more 
open spaces and in the case of the limestone especially being con- 
siderably more soluble. They are consequently the country rocks 
for most of the ores assembled as veins and replacements, by the 
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agency of solvent waters, meteoric or magmatic. Among the 
important occurrences of ores in the Grenville are the zinc-pyrite 
deposits of the Edwards district, St Lawrence county, which have 
limestone for the walls and are in the nature of replacements formed 
in Precambrian time. The Grenville schists which are associated 
more or less closely with the limestone carry extensive bodies of 
pyrite and pyrrhotite with little or no zinc, but allied to the zinc 
ores in their method of accumulation. In western St Lawrence 
county occur small veins of galena with subordinate sphalerite which 
are of Postcambrian age and probably the work of shallow circula- 
tions. Hematite in workable bodies is found within the schist and 
limestone belts of Jefferson and St Lawrence counties. The prin- 
cipal occurrences are in the belt which extends from near Antwerp 
in the former county through Gouverneur into the towns of De Kalb 
and Canton, St Lawrence county. They occur commonly near the 
contact of the two formations, but in places are wholly within the 
schist. They represent secondary deposits formed after Cambrian 
time; the source of the iron is hese the pyrite-pyrrhotite bodies 
already referred to. 

Another class of deposits in the Grenville has resulted from meta- 
morphic agencies by which certain components of the rocks them- 
selves have been recrystallized or converted into new mineral varieties, 
so as to acquire economic value. In this class belongs in part at 
least the Adirondack garnet that is mined for abrasive purposes. 
There are a number of localities in Essex and Warren counties 
where garnet of the almandite variety occurs in large quantities and 
in some places it is apparently the result of recrystallization of 
_ calcareous sediments. The occurrences of the type to be seen in 
the North River Garnet Company’s property, however, seem to 
be referable rather to the absorption of sedimentary material by 
igneous rocks. The fibrous tale of the Edwards district, which is 
mined in large quantity, occurs in Grenville limestone; it is an 
alteration product of tremolite schist produced by silicification of the 
magnesian limestone under deep-seated conditions. The valuable 
graphite deposits of Essex, Warren, Washington, Saratoga and St 
Lawrence counties are found in quartzite and quartz schist of the 
Grenville series. The carbon content of the sediments is probably 
original with them, but the influence of heat and pressure has been 
required to effect its conversion into the valuable crystalline graphite. 

Highlands province. This province includes the igneous and 
metamorphic terranes of northern Rockland and parts of Orange, 
Putnam and Westchester counties. The Highlands are a series 
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of ridges, attaining true mountain proportions in the northern part, 
that enter the State from New Jersey and continue northeasterly 
into New England. Their summits are mostly under 2000 feet but 
they are often very rugged and consequently given up mainly to 
forest. The ridges die out rapidly on the south side, and in 
Westchester county the surface is only moderately broken although 
the crystalline rocks extend over practically the whole area and 
southward into Manhattan island. 

The geology of this region is very complex and much of it still 
awaits study. Precambrian gneisses are a large element of the 
crystalline formations; they comprise some igneous types like the 
Storm King granite-gneiss and also banded gneisses that possibly 
belong in the Grenville series. With the latter are associated small 
belts of limestone and quartzite. There are gneisses of syenitic 
type which resemble the Adirondack syenite, and some of more 
basic character, but anorthosite apparently is absent. The igneous 
intrusions continued as late at least as the early part of Paleozoic 
time; the Cortlandt series of highly differentiated rocks ranging 
from granite to gabbro and pyroxenite, in the vicinity of Peekskill, 
is possibly of Silurian age. 

The principal ores in this region are magnetites which are asso- 
ciated with the Precambrian gneisses, occurring in belts arranged 
along northeast-southwest axes, parallel with the general structural 
trend. A banded gneiss frequently outcrops in the vicinity of the bodies, 
but this is always injected with granitic material, and granite or 
pegmatite may usually be found toconstitute one wall oftheore. In 
one or two of the deposits the ore is found on the contact of granite 
and limestone and has a gangue of secondary silicates. Deposits 
of magmatic type are represented by the magnetites in the vicinity of 
Brewster which have a syenitic gneiss for the country rock. Bodies 
of impure magnetite containing some titanium are present in the 
Cortlandt gabbros. Corundum is a sporadic ingredient of these 
ores and its appearance renders the material useful for abrasive 
purposes, forming a low-grade emery. Arsenopyrite and pyrrhotite 
are found in one or two localities in the Highlands gneiss belt and 
have been mined ina small way. Feldspar and quartz are obtained 
from pegmatites, of which there are many occurrences all through 
the region, although seldom in workable masses. The largest quarries 
are in southern Westchester county. 

Taconic province. The Highlands on the east of the Hudson 
fiver are succeeded northward by a series of ridges which cover 
the whole area to the Massachusetts and Connecticut state line. 
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These ridges have a north-south trend, separated by rather narrow 
parallel valleys. The latter are floored usually by limestone 
(Wappinger) which has a fine crystalline texture and is usually 
magnesian. The ridges are made up of fissile schist or hard slate 
(Hudson). Below the limestone a hard quartzite is exposed in 
places. The succession consists of Cambrian and Ordovician sedi- 
ments which have been squeezed into folds and more or less meta- 
morphosed in the process, the limestone and quartzite being now 
exposed through erosion of the overlying schists along the axes 
of the folds. The structure is complicated by local faults. 

_ Iron ores and slate constitute the main items in the mineral 
production of this province. Both limonite and siderite are present, 
limonite being the commoner ore in most of the developed properties 
but it is associated not infrequently with siderite and in some places 
the latter mineral predominates. The deposits lie along the contact 
of the limestone and schist, more rarely within the schist, and follow 
the north-south valleys. The ores have been excavated mostly in 
open pits which seldom attain a depth of over 150 feet. The 
principal mine localities are in the valley that extends from Hillsdale, 
Columbia county, south to Dover, Dutchess county, but there are 
other occurrences in the vicinity of Fishkill and Clove, Dutchess 
county, and siderite alone occurs in eastern Columbia county, just 
south of the city of Hudson. Slate is quarried mainly in Washington 
county in the northern section of the schist belt. The characteristic 
product is red slate of Cambro-Ordovician age. There are occur- 
rences of purple, green and black slates in that section; some roofing 
slate has been obtained, also, in Rensselaer, Columbia and Dutchess 
counties. 

Interior Paleozoic province. This covers the part of the State 
south of the Adirondacks and north of the Highlands to the west 
of the Hudson river. It is by far the largest province of all, having 
quite one-half of the total area or around 25,000 square miles. In 
topography it presents a great diversity, comprising several more 
or less distinct physiographic units, but in its geological composition 
and structure it is relatively simple and over great areas uniform. 

The formations are all sedimentary, ranging from the Potsdam 
of the Upper Cambrian to the Olean conglomerate at the base of 

the coal measures. They lie in approximately the same relative 
position they occupied when first upraised above the sea, not dis- 
located by extensive faults nor corrugated by folds, although they 
have been involved in regional crustal movements and have been 
deeply dissected by erosion. The formations consist of the usual 
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atray of sediments — shale, sandstones, conglomerates and lime- 
stones in varying order — arranged in successive layers or sheets 
one above the other from the base to the top. Underlying the 
whole series is the Precambrian basement of granite etc. which has 
its outcrop in the Adirondacks and the province of Ontario on the. 
north side and the Highlands on the east. The thickness of the 
sedimentary series increases progressively to the south and southwest 
in which direction they incline at an average rate of around fifty feet 
to the mile. From the Adirondacks to the Pennsylvania border 
the sequence follows in ascending order, beginning with the Cam- 
brian and continuing through the Ordovician, Silurian and Devonian 
systems as given in the table on a preceding page. 

The surface of this province presents greater contrasts of elevation 
than any other. The lowest parts, along the Mohawk valley and 
on the Lake Ontario plain, are only 200-300 feet above sea level. 
To the north of the Mohawk the surface rises rather steeply to the 
Adirondack foothills, where the sedimentary terrane extends up 
to altitudes of 500 to 2000 feet; in this part the Paleozoic rocks 
locally are broken into blocks by faults and have been isolated 
on the crystalline basement so as to form inliers more or less remote 
from the main area. The extreme altitudes are reached in the 
Catskills where the peaks are a little over 4ooofeet. Therocks there 
are not folded or displaced to any wide extent; the mountains 
are simply the more dissected part of the southern plateau that 
reaches across the State from the Hudson to Lake Erie. This 
plateau is composed of a monotonous succession of Devonian sand- 
stones and shales and is bounded northward by the Onondaga 
escarpment which marks the descent to the Mohawk valley and 
the Lake Ontario plain floored by Silurian and Ordovician sediments. 

The mineral deposits include few of secondary origin. The low- 
dipping, almost unbroken sedimentary terrane has not been favor- 
able to extensive vein accumulations. Among the ores the Clinton 
hematite is the only representative of any considerable importance. 
It is one of the constituent layers of the Clinton formation which 
otherwise is made up of sandstone, shale and limestone, and is 
found along the outcrop of the beds from Oneida to Monroe county, 
disappearing to the south under cover of the higher strata. The 
layers are thin but cover wide areas and altogether constitute a 
very large accumulation of the ore. In appearance it differs from 
any of the other iron ores of the State, having either a fossil or 
odlitic habit, in accordance with the particular conditions of its 
deposition which took place at the surface contemporaneously with 
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the formation of the other Clinton strata. Salt and gypsum exist 
in extensive bodies within the Salina formation of the Silurian which 
outcrops across the State from Niagara to Albany county. Gypsum 
occurs in seams up to 50 feet thick, but mostly from 4 to 8 feet, 
in the section of the outcrop from Madison county west to Lake 
Erie. Rock salt is not found at the outcrop owing to its solubility; 
it is encountered on the dip of the beds at depths below 800 feet or 
so and within the same east and west range practically as the gypsum. 
There are often two or three successive layers, separated by shale 
or limestone with a total thickness of 150 feet or more. Natural 
gas is present in local pools in the sedimentary series from the 
Potsdam up to the top of the Devonian. The principal horizons 
are the Trenton limestone, Medina sandstone, Salina waterlime, 
Onondaga limestone, Marcellus shale and the Portage and Chemung 
sandstones. The Medina sandstone is most prolific. The range 
of the gas pools geographically extends from Lake Erie east to 
Rome, Oneida county, and from Lake Ontario south to the Penn- 
sylvania line. Petroleum occurs within a very limited area in 
Cattaraugus, Allegany and Steuben counties, in sandstones of 
probably Chemung age. The field is a northern extension of the 
Appalachian field of Ohio, Pennsylvania and West Virginia. In 
addition to the materials already listed there are occurrences of 
barium and strontium compounds, small veins of galena, sphalerite 
and pyrite, and disseminated deposits of pyrite in shales. Clays and 
building stone are widespread. 

Palisades province. The Triassic rocks, which include the trap 
or diabase that forms the Palisades of the Hudson, are exposed in 
the southern part of Rockland county. They are more extensively 
developed across the state line in New Jersey and reappear again 
in northern Staten island. The Palisades represent the exposed 
edge of a thick sheet of the volcanic rock that follows in the main 
the bedding planes of sandstones and shales of Triassic age. The 
rocks are not folded and there has been no mineralization of 
importance in consequence of the intrusion, although a little copper 
is occasionally found in the sandstones. The trap itself constitutes, 
however, a valuable quarry material; it is exceedingly dense and 
tough, most useful for crushed stone for concrete and road work. 

Coastal plain province. The southern part of Staten island and 
the whole of Long island fall within the Atlantic coastal plain of 
Cretaceous and Tertiary sediments. These consist of clays and 
sands in horizontal beds, still unconsolidated, but concealed in most 
places by later glacial materials and beach sands. Except for the 
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morainal accumulations which rise up occasionally into hills 200 or 
300 feet high the surface is flat; the moraine covers only the northern 
half of Long island. The bedded clays in places are serviceable 
for stoneware and fire resistant materials and the sands for building 
purposes. 

Pleistocene and recent formations. There are practically no 
sedentary accumulations of clays or sands resulting from the 
weathering of the subsurface rocks anywhere in the State. Instead 
_the whole area is mantled by a heterogeneous assemblage of bowlders, 
gravels, sands and clays, foreign to the localities in which they 
occur. It is not uncommon to find great bowlders of some of the 
Adirondack rocks or material from the Canadian highlands at remote 
distances from their origin. These erratics, as well as the finer 
materials that are spread over the surface without reference to the 
underlying formations, were deposited by the Pleistocene ice-sheet 
which had its sources in the Labrador region of Canada. A collec- 
tive name for the materials is drift. There is considerable variation 
in the method of occurrence of the drift. The most general form 
of deposit is the ground moraine which usually lies directly upon 
the rocks and consists of a mixture of sand, pebbles and stiff blue 
clay. It represents mainly the materials melted out of the ice 
during the retreat of the glacier to the north. It is spread more 
or less evenly, seldom having a thickness of more than 15 to 20 
feet. In places, however, it rises up into ridges 100 feet or more 
high of characteristic outline, having an elongated oval base and 
smooth contours that rise more sharply on the north side than on 
the south. Their longer axis is parallel with the direction of the 
ice movement which varied from southwest to southeast and locally 
trended nearly east or west. Drumlins abound in central and 
western New York. The drift is sometimes in rudely sorted condition 
as hillocks or kames and long winding ridges or eskers, the result 
of deposition by the running waters at the end of and under 
the ice. The obstruction of the earlier drainage by the drift brought 
into existence many lakes and not infrequently shifted the larger 
streams into new channels. The surface waters have modified the 
forms left by the ice to some extent, but broadly the topography 
is that of a recently glaciated country. 

The surface deposits yield quite an assortment of products. The 
clays are of predominant importance industrially, owing to the 
extensive local markets for clay-building materials. They are low 
grade and suitable only for brick and common wares, but have a 
wide occurrence. The best clays are the water-sorted beds, like 
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those in the Hudson valley. Sands and gravels for building, engi- 
neering and other uses also occur widely. Special grades of molding 
sand are found in the Hudson valley, glass sand occurs in limited 
deposits; fire sands, filter sands and other kinds also are represented. 
Peat is a common material in many of the swamps and shallow 
lakes, but has not been utilized to any extent. Calcareous marl 
has the same distribution and is also little developed. Diatomaceous 
earth abounds in some of the Adirondack lakes as a recent accumu- 
lation. 
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NATURAL LIMITATIONS OF MINING IN NEW YORK 
STATE 


The general characteristics of the mineral endowment of the 
State have been briefly sketched in the preceding discussion. The 
important elements of the resources have been pretty well established 
in the century and more that exploitation has been under way and 
their distribution defined with more or less certainty by the geological 
field work that has been in progress for over 80 years. It seems 
a reasonable deduction that future mining developments will be 
based largely upon the possessions whose description forms the 
basis of the present report. 

The writer does not intend to imply that there are no resources 
of ores and minerals still awaiting discovery nor that new uses may 
not be found that will create demands for materials which have 
little value at present. ‘There is every reason to forecast the growth 
of the mineral industry in both ways on the basis of what has taken 
place within the last few years. The recent establishment of a 
prosperous zinc mining industry in a district where mining of other 
minerals had been going on for a long time is an illustration of the 
possibilities for new developments to be found in the State. But 
the main advances in the future are to be looked for in the intensive 
exploitation of the mineral supplies already known to exist and in 
line with past operations. It may be confidently expected that 
opportunity for new enterprises will be provided by further improve- 
ments in the methods of production and preparation of minerals, 
through the extension of transportation facilities into some of the 
remoter districts now scarcely open to development, and by the 
normal increase of market demands, which will bring additional 
deposits within the field of practical operation. 

There are some important branches of mining for which no sub- 
stantial basis may be found within theState. Oneofthemost essen- 
tial commodities in modern industry — coal —is not represented 
in the list of products and is not likely ever to be mined here, 
although the northern limits of the Appalachian coal field approach 
so closely to the southern bounds of the State that some reason 
may have existed in earlier years for the search after deposits. 
A shifting of the boundary line by a few minutes of latitude would 
bring a part of the Pennsylvania coal fields within the State limits. | 
However, the stratigraphic position of the measures and the futility 
of looking for coal anywhere in New York were demonstrated by 
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the work of the First Geological Survey, and it is an inexcusable 
waste of effort to continue the search. Yet ventures of this sort 
are being promoted almost constantly and in some instances that 
have come to the writer’s notice they have entailed a very con- 
siderable financial loss. In the Catskills and southern tier of counties 
the stratified formations most closely approximate in age the period 
of deposition of the Appalachian coal, but they belong mostly to the 
uppermost Devonian horizons and thus antedate the first coal 
measures which occur in the Carboniferous. ‘There aresmall isolated 
areas of Carboniferous strata in Cattaraugus and Allegany counties, 
mainly represented by conglomerates, which indicate a possible 
occurrence of the overlying coal measures in past geological ages, 
since swept off by erosion. 

The precious metals also are not present in New York in workable 
quantity. The efforts to promote enterprises for exploiting deposits 
of these metals should be deprecated as sure to entail loss upon the 
financial participants and as working an injury upon legitimate 
enterprises. The writer is well aware of the fact that it is not 
possible to substantiate the statement as to the absence of gold 
deposits with the same positive evidence that exists in reference 
to coal, but the collateral evidence and inferences have sufficed to 
demonstrate its truth with respect to all of the deposits that have 
thus far been reported to carry the metal. 

A great deal of attention has been given in the last 25 years to 
the so-called gold sands of the Adirondacks. These have been 
widely advertised as yielding anywhere from $4 or $5 to $50 a ton 
when subjected to treatment by special processes. Many plants 
have been erected in different parts of the region based on methods 
that seem to be the principal consideration of value in the promotion 
schemes, since the deposits for which they are intended are in no 
way different from the ordinary glacial and alluvial sands that 
cover a great part of the Adirondacks. Repeated tests of the sands 
by the usual procedure of assayers have failed to indicate more 
than a trace of gold—a few cents a ton at most—such a quantity as 
may be found in almost any rock material. The discrepancy 
between the claims of the process promoters and the results of 
_ ordinary assay is said to be explainable by the peculiar condition 
in which the gold exists. The terms “‘ nascent,” “atomic” and 
“volatile’’ are frequently applied in the prospectuses to convey 
this idea. A little knowledge of chemical principles suffices to 
demonstrate the fantastic character of the information published 
in the interest of these ventures. 
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The possibility of gold occurring in the Adirondack sands to any 
appreciable extent is excluded by the lack of any primary accumu- 
lations of the metals in lodes or veins. There are no quartz veins 
anywhere which carry gold in quantity. Common vitreous or 
milky quartz to be sure is not uncommon but it lacks the sulphides 
that are the almost universal accompaniments of gold in its primary 
distribution. The Adirondack sands are simply the products of 
weathering and erosion of the common country rocks of the region; 
they contain more or less magnetite, mica, garnet and feldspar in 
addition to the quartz which constitutes the main ingredient, but 
repeated assays have failed to detect more than mere traces of gold. 

The occurrence of silver in some of the galena found in the 
Adirondacks and southeastern New York is a matter of authentic 
record. Aside from such small quantities, of no commercial interest 
in themselves, the conditions in regard to silver are the same as 
those for gold. 

Platinum is one of the rarest of metals and its value in the 
chemical and electrical industries has stimulated a lively search for 
deposits. In its physical properties it somewhat resembles gold, 
and readily concentrates in placers where there are original sources 
of supply for them to form. Its presence may be easily ascertained 
by chemical assay. The only occurrence of the metal in New York 
State that has any substantial basis in fact is the reported discovery 
of a mass of mixed chromite and platinum weighing 104 grams (of 
which platinum constituted 46 per cent) in the vicinity of Plattsburg. 
The record of the occurrence seems to be authentic. If the specimen 
was found in place and had not been brought there by human agency, 
it probably came originally from some of the serpentine areas of 
northern Vermont or southern Quebec and was brought down by 
the ice. There are no chromite deposits in the Adirondacks, 
although the mineral is found in small amounts in the Highlands 
region. No further basis than this exists for the recent claims that 
the Adirondacks carry platinum. 
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The common carrier of phosphorus in rocks and ores is the 
mineral apatite which is essentially calcium phosphate, although 
it contains also small amounts of the fluoride and chloride of cal- 
cium. Apatite is the source of phosphorus in iron ores, its pro- 
portions determining largely the quality of the iron that may be 
made from particular ores; and is widespread in many rocks, 
especially of the igneous class, but rarely constitutes more than 
one per cent of the mass. Though a very common mineral, there 
are few deposits of apatite which would repay the costs of mining 
for itself alone. The abundant rock phosphates, which resemble 
apatite somewhat in composition, serve most requirements quite 
as well and are obtainable at a low cost. 

Apatite and phosphate materials generally are sold on the basis 
of chemical analysis. Rock phosphate ordinarily carries from 60 
to 7o per cent of the tri-calcium phosphate or bone phosphate, 
whereas apatite in pure state contains 90 per cent. If an apatite 
concentrate were obtainable with an average of 75 or 80 per cent 
of bone phosphate it would have a certain preference in the market 
by reason of the scarcity of materials of that grade which are 
serviceable for the manufacture of metallic phosphorus and chemical 
preparations. 

The production of apatite is carried on at present in one locality 
as a by-product of the mining and milling of iron ores. This is 
Mineville, Essex county, where Witherbee, Sherman & Co. have for 
years been engaged in the production of an apatitic magnetite that 
occurs in the so-called Old Bed group of deposits. The ore as 
mined carries as much as 8 or 10 per cent of the phosphate mineral 
in the form of small grains or crystals intermixed with the particles 
of magnetite. By crushing the apatite is mostly released from 
mechanical combination and can then be separated readily by the 
usual magnetic methods employed for concentrating lean magnetites. 
Although the magnetite in this instance is sufficiently high in iron 
content to be used in lump form, its treatment is desirable for most 
furnace uses. As a result of the separating process a tailing is 
made which contains most of the apatite originally present in the 
ore, a small percentage of magnetite and considerable amount of 
quartz, hornblende and feldspar which are constituents of the 
gneissic country rock. Large quantities of these tailings have 
resulted from milling of the Old Bed ores. In order to put them 
in form for commercial use they. require further treatment. They 
are reground and reconcentrated in magnetic machines, wet tables 
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and jigs until the phosphorus content is raised to at least 8-9 per 
cent, corresponding to 40-45 per cent of bone phosphate. As 
illustrative of the effect of the process the following analyses are 
of interest, although not strictly representative of present day 
conditions. No. 1 refers to the crude ore, no. 2 to second grade 
apatite concentrates and no. 3 to first grade apatite concentrates. 


ii 2 3 
Eigen s 5 22a 8 a WC la eal hace eee Ugg UR a 59.59 12.14 - 3.55 
Phosphorus..... Sa esa SE Sh tone 1.74 8.06 12.71 
ome phosphate equivalents: ull! eh eee Taian. 40.30 63.55 


The concentration at present is carried only so far that the 
phosphate content reaches 40 to 45 per cent. The product is finely 
ground and admixed with barium sulphide, constituting an agri- 
cultural fertilizer which is sold as “‘ barium-phosphate.” In its 
properties the material is analogous to basic slag which has been 
extensively employed for fertilizer in Europe, and it combines the 
fertilizing value of phosphorus with an alkaline reaction that 
promotes nitrification. 

There are no other deposits of magnetite in the State, so far as 
known, that contain enough apatite to justify similar operations 
for its recovery and utilization. 

The occurrence of apatite in the crystalline limestones of the 
State may be noted, but rather on account of their mineralogical 
interest than of possible commercial importance. Among the 
localities which afford good crystallized specimens are Gouverneur 
and Hammond, St Lawrence county; Natural Bridge, Lewis county; 
and Amity, Orange county. The contact zones between intrusive 
granites and limestones are frequently characterized by the presence 
of apatite. . 

A phosphate mineral called eupyrchroite, an amorphous calcium 
phosphate closely resembling apatite, has been produced on a small 
scale in years past. The single known occurrence is just south of 
Crown Point, Essex county, near the shore of Lake Champlain. 
It is mentioned in the reports of the First Geological Survey, and 
mining operations were carried on for a time about the year 1850 
with the production of 100 tons or so of the material for use as 
fertilizer. The usual form of the substance is a massive aggregate, 
sometimes showing concretionary or botryoidal structure, of bluish 
to grayish color. When heated it gives a phosphorescent green 
light. An analysis by Charles T. Jackson published in the American 
Journal of Science’ showed 92.94 per cent of tri-calcium phosphate. 


1 Series 2, v. 12, 1851. 
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ARSENICAL ORE 


The arsenical minerals used for the preparation of arsenical com- 
pounds include arsenopyrite (iron sulpharsenide), and leucopyrite 
(iron diarsenide). Both occur in New York State. In addition the 
hydrous arsenate of iron, scorodite, and the arsenical sulphide 
orpiment, are known to occur, but are without economic interest. 

An occurrence of arsenopyrite in the Highlands near Pine pond, 
town of Kent, Putnam county, represents the most important 
deposit that has actually been developed and exploited for arsenical 
ore. It was worked in the years 1906-1907 by the Putnam County 
Mining Corporation which installed a mining and milling plant 
on the property and shipped a considerable quantity of concentrates 
as well as several hundred tons of lump ore which was sufficiently 
high in arsenic to be merchantable. Some of the output went abroad. 
The deposit was under operation also for a brief time about 1888; 
a small quantity of ore is reported to have been shipped at that 
time to New Jersey for treatment. The first exploration seems 
to date back to 1847. A description of the deposit was given in 
the issue of the Mining and Quarry Industry for 1906. 

So far as revealed by existing developments, the deposit appears 
to be a vein intersecting gneiss which is the prevailing formation 
in this section and includes both igneous and sedimentary varieties. 
The vein lies near the base of a prominent ridge, southwest of Pine 
pond. It has a northerly strike. In close proximity and running 
parallel is a dike of basic rock, the outcropping portion of which is 
completely altered to serpentine. The dike rises above the surface 
as a distinct ridge that can be traced for half a mile or more along 
the strike and shows a width of from 100 to 300 yards. It is probably 
a peridotite, though the nature of the original silicate minerals can 
only be inferred from the general appearance and texture, as they 
are completely altered to serpentine. 

The vein consists of white flinty quartz with varying proportions 
of arsenopyrite and pyrite. In places the metallic minerals occur 
in solid mass, but usually they are distributed through the quartz. 
Pyrite is much the less abundant of the two, its distribution being 
very irregular. Both are seldom crystallized. The percentage of 
metallic arsenic in the ore ranges nearly up to the theoretical amount 
required by the chemical formula. With hand sorting a fairly large 
proportion will assay above 25 per cent which is considered market- 
able. | 
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A mixed sample of the high and low grade ores was analyzed by 
H. F. Gardner of the Museum staff with the following results: 


SiO2 26.84 re 
Al.O3 se 26 
Ca Fe .O1 
Mg Nil 
P.O; 05 
25.07 
Fe 28.83 
As 18.51 
Cu 16 
Mn tr 
Co Nil 
Ni Nil 
99.73 


The figures indicate a mineral composition of 40.20 per cent 
arsenopyrite, 32.31 per cent pyrite and .39 per cent chalcopyrite. 

An analysis of the dike, which has also been reported by 
the Company, is sufficiently interesting to deserve record. It estab- 
lishes the ultra-basic nature of the rock and is in agreement with 
the view above expressed that it is an altered peridotite. 


SiO, 35-50 
Al,O3 4.52 
FeO; 7-40 
CaO 2.60 
ca 37 .64 
HO i 13.30 
100.96 


Leucopyrite, arsenopyrite and scorodite are reported! to occur 
at Edenville, Orange county. According to Whitlock? arsenopyrite 
is found here in association with gypsum and orpiment, embedded 
in white limestone; while leucopyrite is distributed through a 
dioritic rock. A prospect in which considerable work has been 
done is located on the Brown farm between Edenville and Mt Adam. 
Arsenopyrite is also listed in the report by Beck already cited as 
occurring in the town of Lewis, Essex county, ro miles south of 
Keeseville. 

Most of the arsenic of commerce is now obtained as a by- 
product of smelting operations in which the arsenious oxide (white 
arsenic) is recovered from the smelter fumes, at relatively small 
cost. Consequently the ores of arsenic are of less interest than 
formerly. 


1 Beck. Mineralogy of New York (1842). ' 
2 Whitlock. N. Y. State Mus. 23d Rep’t of State Geologist, 1903. 
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ASBESTOS 


The minerals which supply the asbestos of commerce are known 
to occur in several places within the State, more especially in the 
crystalline areas of the Adirondacks and southeastern New York. 
They are nowhere mined at present, but the occurrences have been 
at different times the object of inquiry and more or less attention 
which in one instance has extended to considerable exploratory work. 
The purpose of this article is to mention the different localities which 
have come to light and to give whatever information is available 
concerning their features and possible importance. 

That the local occurrences have aroused some interest from a 
commercial standpoint is not surprising in view of the recent great 
development in the uses of asbestos and of the remarkable growth 
of the Canadian mining industry which supplies the larger share 
of the world’s needs of the material. The principal mines of Canada 
are situated in the province of Quebec, on the south side of the 
St Lawrence river, not very remote from the northern boundary of 
New York. The district in fact extends southward across the 
Vermont line, in which State there are similar occurrences which 
have more or less importance. 

The proximity of the Adirondack crystalline region to that district 
might be regarded as favorable to its carrying the same kind of 
deposits, but there is really no basis for such inference as a little 
consideration will show. The asbestos of Canada and Vermont is 
found within a belt of metamorphosed Paleozoic formations which 
lie along the flanks of the Green Mountain uplift. The particular 
home of the mineral is in serpentine, in this case the product of 
alteration of old igneous rocks originally composed of minerals of 
the olivine and pyroxene groups. A large number of serpentine 
bodies are known in the stretch from southern Vermont into and 
across the eastern townships of Quebec, but in only a few is asbestos 
present in workable proportions. The mines or quarries are based 
on masses of serpentine that carry closely crowded veinlets of 
chrysotile, the latter occurring in such profusion as to permit the 
excavation of the whole mass, from which the fiber is then obtained 
by hand picking or by milling operations. 

No similar bodies of serpentine are found in the Adirondacks. 
The latest igneous intrusions in that region took place before the 
opening of the Cambrian period, and the sedimentary formations were 
laid down at a much earlier date. The igneous intrusions did not 
include any rocks of the peridotite class (composed of olivine) and 
consequently there has been no material from which large serpentine 
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masses could develop. The occurrence of serpentine and of chrysotile 
is limited to the crystalline limestones which are found in belts and 
in which the serpentine is disseminated in nodules, bands and small 
particles in the midst of the carbonate minerals. The proportion 
of serpentine to the whole rock is variable; in some places it may. 
constitute the greater part but usually it plays a subordinate role, 
being one of several impurities of the limestones. It is a secondary 
product, formed in most cases by the alteration of a pyroxene 
mineral. The asbestos is a variety of the serpentine that occurs 
in small veins, rounded aggregates and irregular patches. It is apt 
to be very irregular in its occurrence, but is sometimes rather 
abundant within limited areas of the limestones. The fiber looks 
like the commercial fiber of Canada and Vermont but seems to be 
of lighter color and greater transparency. From the features of 
its development it is regarded as a vein mineral, deposited in cracks 
and cavities, by solutions circulating through the limestones and 
probably derived from the disseminated serpentine which, as stated, 
is an alteration of pyroxene. 

Serpentinous limestones are not at all rare in the Adirondacks; 
in fact they are rather common in the eastern part in Essex and 
Warren counties and also in the northwest in St Lawrence county.. 
They are associated with the normal crystalline limestones, of which 
they are only a special development, the serpentine itself having 
no geological significance. In some places the rock has been quarried 
aS an ornamental stone, since the greenish serpentine particles 
with the white or bluish dolomite base give a very pleasing effect 
that makes the stone suitable for interior decorative work. Some 
of the better known localities for these serpentinous marbles are 
just north of Port Henry on Lake Champlain, in western Moriah 
township, near Minerva and Olmstedville, all in Essex county, and 
in the town of Thurman, Warren county. 

Wherever the serpentinous limestones are found asbestos may 
be expected in greater or lesser amount, though of course as a 
subordinate constituent. 

The principal occurrence of this nature that has thus far been 
uncovered is in the town of Thurman, about 7 miles west of Thurman 
station on the Adirondack branch of the Delaware & Hudson Rail- 
road. ‘There is a large area of crystalline limestone which here and 
there contains bands charged with serpentine occurring as rounded 
and irregular patches of some size but irregularly distributed and 
as small grains that are more evenly scattered through the mass. 
Such a band was prospected a few years ago, resulting in the produc- 
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tion of a small quantity of chrysotile or serpentine asbestos. The 
latter occurs principally within a small but rather persistent zone of 
the limestone that takes a northeasterly course parallel to the general 
structural trend. Within this zone occur numerous veinlets that 
carry a very light, silky asbestos of a maximum length of about an 
inch, most of which is apparently of good quality. The veins are 
not persistent, but thin quickly and merge into the massive serpentine 
of the country rock. Outside the main zone, bunches of serpentine 
are to be seen which are shot through with fiber, or show the presence 
of whitish asbestiform material. The general average of the fiber 
is probably not more than one-fourth of an inch. Samples were 
shipped by the owner of the property to asbestos manufacturers 
who reported favorably upon its quality. Although a part of the 
rock, no doubt, is of workable grade, not a very large quantity of 
that kind has as yet been exposed in the workings. 

A small prospect showing serpentine asbestos of fairly long fiber 
was seen by the writer some years ago on the north side of Brant 
lake, in the town of Horicon, Warren county. It is not known by 
whom the property was explored, but apparently the results did 
not warrant a continuance of the work. 

Serpentinous limestones are also found in the Highlands region 
in Putnam and Orange counties; from the locality in Philipstown 
east of Cold Spring many samples of chrysolite have been gathered 
for museums. Mather in the New York Geological Reports for 
1839 mentions an occurrence at Cotton rock in the same town on 
the bank of the Hudson, 34 miles below West Point. 

On Staten Island and near the Village of Rye, Westchester county, 
are bosses of serpentine which furnish the closest parallels to the 
Canadian and Vermont occurrences. The Staten island boss has 
a surface of about 15 square miles and constitutes the central elevated 
part of the island. The rock is apparently an igneous derivative, 
as unaltered remnants of olivine and pyroxene have been discovered 
in it. Both amphibole and serpentine asbestos occur within the 
area, the former variety being restricted to the border where the 
serpentine is in contact with schistose rocks belonging to the 
Manhattan formation. Examples of amphibole asbestos have been 
collected from Pavilion hill near Tompkinsville and at Fort George; 
one specimen found by the writer near the latter place possessed 
fibers nearly a foot long. Chrysotile is less common, but a pee 
few years ago was still to be found on Pavilion hill. 
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BARYTES 


The common barium mineral in this State, as usually elsewhere, 
is the sulphate (BaSO,). It is a heavy substance, noticeably heavier 
than the usual run of non-metallic minerals, and is quite resistant 
to ordinary solvent agencies. It occurs in masses of white color 
and often in crystals, clear and transparent or tinted by some 
impurity. It is not infrequently so stained with iron as to conceal 
its real color. Barytes or barite belongs to the group of minerals 
that occurs mainly in veins; it sometimes occupies the vein by 
itself, or may form the gangue for metallic ores, especially those of 
lead and zinc. The wall rock is usually limestone. 

Uses. The industrial uses of barytes are varied. It is largely 
sold in ground form and in that condition is employed directly for 
admixture with lead pigments and metallic paints, for filling paper, 
in rubber manufacture and as an adulterant of many commodities 
in which it serves to give body and weight but is inert. ,It is the 
base from which the barium sulphide is prepared for making litho- 
phone. This is a mixture of barium and zinc compounds, used for 
pigment, enamels and filling of cloth and paper. There are several 
compounds of barium important in the chemical industry and 
chemical laboratory that are made from barytes. In addition to 
grinding, the preliminary treatment of crude barytes may involve 
“bleaching ”’ to remove iron stain; this is performed by subjecting 
the ground product to the action of sulphuric acid which removes 
the iron in solution. The white powder is then washed with water. 

Occurrence. Barytes is found in many localities, but in general 
the deposits are too small to be worked. One of the few occurrences 
that have been mined is on Pillar Point, Jefferson county, a small 
peninsular area of Trenton limestone that juts into Lake Ontario 
just north of Sacketts Harbor. The barytes is found filling small 
veins on the north shore of the point and is practically free of 
admixture. Masses 2 or 3 feet long and a foot or more thick were 
taken out in the period of mine operations which were carried on 
about 1840. The material, as exemplified in specimens in the 
State Museum, consists of a massive banded variety and of crystals 
somewhat iron-stained but of good quality. There are no records 
to indicate the quantity removed from the veins, but it could not 
have been very large, judging from the conditions revealed at the 
present time. A brief account of the occurrence contemporary with 
the mining period is given by Lewis C. Beck in the reports of the 
First Geological Survey. 
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Among the other localities for barytes in northern New York are 
-Richville, Hammond, Gouverneur, De Kalb, Rossie, Fowler and 
Edwards, St Lawrence county. In the old lead mines of the town 
of Rossie it occurs associated with calcite as gangue. In Fowler 
it is found in geodes associated with hematite. The gangue of the 
Edwards zinc ores contains 1 or 2 per cent of barytes in fine lamellar 
crystals which are plainly evidenced in the process of separation 
of the zinc sulphide. Crusts made up largely of this mineral were 
collected by the writer from the weathered outcrop of the zinc 
deposits. 

In the impure dolomitic limestone near Little Falls barytes occurs 
in crystals within small veins and geodes and is frequently character- 
ized by the occlusion of hydrogen disulphide. It is reported also 
from Fairfield, Herkimer county. At the Ancram lead mines in 
Columbia county it forms small veins that traverse the slate and 
limestone wall rocks. 

In Schoharie county, town of Schoharie, barium is present in the 
celestite which occurs in considerable quantity as nodular aggregates 
of delicate crystals within the Brayman shales and in the Rondout 
waterlime. It may also be present as barytes in mechanical mixture 
with celestite and strontianite. The occurrences have been described 
by Prof. C. U. Shepard! who applied the name “ calstronbaryte ”’ 
- to one form of material which apparently is a mechanical mixture 
of barytes, calcite and strontianite. Beck supplies a record of the 
occurrence of barytes in Schoharie. ‘Heavy spar also occurs 
associated with strontianite, in the water limestone in the vicinity 
of Schoharie courthouse. In such cases it is generally found in the 
form of laminae which cleave readily, and sometimes present two 
or more faces of the primary prism. In all the specimens which 
I have examined, it is mixed with carbonate of lime, and also with 
portions of strontianite. Indeed, these two substances are so 
abundant in this limestone that the massive specimens of heavy 
spar are seldom pure.” | 

Beck in his report also mentions a locality in the town of Carlisle, 
about 8 miles northwest of Schoharie village, where a fibrous form 
is found in considerable abundance in a dark shale. The latter 
may be the Brayman shale. 

Grabau’ has described a strontium-barium sulphate from near 
Schoharie where it occurs in the waterlime that is exposed on the 


1 American Jour. Sci., v. 27, 1835. 
2 Geology and Paleontology of the Schoharie Valley, N. Y. State Mus. Bul. 92, 


p. 360-61, 1906. a 
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cliff east of the village. ‘‘ Loose specimens are found in the stone 
fences and may be recognized by their color, crystal form and great 
weight. The mineral was examined chemically by Dr V. J. Chambers 
of Columbia University who found it to be strontium sulphate, 
with some barium sulphate admixed. From this analysis it appears 
that the mineral is in reality barytocelestite.”’ 
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CARBON DIOXIDE 


Carbon dioxide is classed as a mineral when it occurs free, naturally 
stored within the earth. Mostly it is produced artificially by 
combustion of coal or coke, by fermentation in brewing and by 
calcination of mineral carbonates like limestone, dolomite and 
magnesite. Its principal use is in the carbonating of beverages. 

Natural carbon dioxide exists in the mineral waters of Saratoga 
and Ballston springs, being held in solution by the waters as they 
occur in the underground reservoirs and separating from them as 
they issue at the surface with diminishing pressure. For many 
years its collection and distribution was an industry of importance 
in Saratoga and vicinity, the value of the output exceeding that 
reported for the sales of mineral waters by themselves. The 
industry was finally discontinued with the erection of the State 
reservation and the cessation of pumping under legal restraint. 
Since then no gas has been sold separately, although the natural 
supplies are used locally in the charging of the bottled mineral 
waters for general consumption. 

The presence of large quantities of free carbon dioxide in the 
waters is the most interesting and intrinsically important feature 
of the Saratoga-Ballston district. There is no other spring resort 
in the State or in the whole eastern part of the country that is 
comparable in that respect. Similar examples of highly carbonate 
waters are found on the Pacific coast and at some of the celebrated 
European spas. The sources of the gas is an unsolved problem, 
further than that it must come from great depths before it joins 
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the bedy of artesian waters which have their head at some distance 
from the Saratoga fault where they are collected. Professor Kemp! 
who has made a special study of the springs is inclined to the opinion 
that the gas is essentially an igneous emanation, produced through 
the cooling of a magma at depth. The gas might be occluded in 
the molten material, as seems to be the condition in the gaseous 
emissions from active volcanoes, or on the other hand might be set 
free from limestones by heat or a chemical reaction induced by 
the deep-seated igneous magma. Another explanation which has 
been frequently advanced by other students of the problem is that 
the gas is produced in the superficial zone by the action of a free 
acid, like sulphuric acid, upon the Paleozoic limestones which 
directly underlie the surface. The acid, it is thought, may be 
derived by oxidation of pyrite in the accompanying shales. As 
against this interpretation there is no evidence of a sufficient supply 
of free acid to cause the decomposition of limestone on a scale 
demanded by the quantities of carbon dioxide present, or of the 
resultant calcium sulphate of which quantities would be left behind 
as gypsum, since the amount of dissolved sulphates in the waters 
is small. No doubt the solvent properties of the carbon dioxide 
is responsible for much of the saline matter carried by the waters. 
The relative amount of carbon dioxide in the Saratoga waters 
varies considerably in the individual wells. As many as five or 
six volumes are reported to have been present in some of the best 
wells drilled by the gas companies whose properties were situated 
to the south of the village and at Geysers. The general average 
may be taken at two or three volumes. At atmospheric pressure 
water is able to retain one volume of the gas, but its solvent power 
greatly increases with pressure, which accounts for the presence of 
so large quantities in some of the naturally stored waters that 
are under hydrostatic load. As the water comes to the surface 
and pressure is released the gas is evolved and causes the lively 
boiling noticed in the Saratoga waters as they issue from the wells. 
In the most active period of the carbonic gas industry, in the 
four years immediately preceding 1908, when the further production 
was enjoined by law, there were five gas collecting plants that 
employed .about thirty wells altogether for the purpose. The 
product ranged from 4,000,000 to 5,000,000 pounds a year. Pumps 
were used to bring the water to the surface where the gas was 
separated and conducted through a pipe to the gas holders for 
storage previous to liquifying and charging into cylinders. 


1 The Mineral Springs of Saratoga. N.Y. State Mus. Bul. 159, 1912. 
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CEMENT 


Raw materials for cement manufacture are abundant and widely 
distributed. They support an active industry which, so far as 
production is concerned, finds its limitations mainly in the com- 
mercial relations that govern the distribution and sale of the product 
in competition with the output of adjoining States. New York 
is one of the largest markets for hydraulic cement in the country 
and its consumption in recent years, abnormally increased by the 
extensive public improvements that have been carried out, has far 
outstripped the local production capacity; there is keen competition 
however, at all important centers with the product of mills in 
adjoining areas and notably those of eastern Pennsylvania. Not- 
withstanding the extensive demand, therefore, the prices obtained 
for cement over a period of several years have not been favorable 
enough to encourage many new additions to the list of cement 
plants. 

Both natural and portland cements are made. The former 
industry was first established in the State and during a period of 
75 years or more it commanded a large and profitable trade. The 
vicinity of Kingston was the principal center of natural cement 
manufacture; the product of that region was marketed under the 
trade name of Rosendale cement, recognized as the standard for 
this grade all over the country. At the height of the industry 
the output of natural cement in New York exceeded 4,000,000 
barrels a year. Portland cement began to appear in the market 
as a strong rival of natural cement in the closing years of the roth 
century, although it had been made here for some time and had been 
imported from England for a still longer period. Improvements 
in the process of manufacture had been worked out and put in 
practice at about that time which so cheapened the costs that 
portland cement could be sold nearly on a parity with the natural 
brand, while it also gained favor through its superior properties, 
especially in regard to uniformity. From about the year 1900 the 
natural cement business began to decline, and in the last few years 
the output has dwindled to small proportions. 


PORTLAND CEMENT 


Resources of materials. The raw materials for portland cement 
manufacture include limestone, clay or shale, and gypsum. Coal 
for fuel is an essential of course whose cost must be taken into 
account in the economics of plant locations, but the main con- 
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sideration is to find a suitable combination of limestone and clay. 
Marl may take the place of hard limestone, but is not so desirable 
from a manufacturing standpoint on account of the large amount 
of moisture present. Shale of suitable composition is as good as 
soft clay. Gypsum performs a subsidiary function in the cement 
mix, acting simply as a retarder for the high-lime, quick-setting 
cements, and is added in such small proportions that the existence 
of a nearby supply is not of great moment. All of the elements 
necessary for making portland cement, with the exception of coal, 
are provided by the local resources. The soft coal fields of Penn- 
sylvania are within easy shipping distance of most parts of New 
York State. ; | 

Clay, as noted in the special part of this report devoted to that 
subject, covers wide areas, and is further supplemented by extensive 
shale deposits which occur in the series of stratified formations. 
There is practically no considerable section in which argillaceous 
materials suitable for cement mixture are not present. High- 
calcium limestones on the other hand have a more limited develop- » 
ment, so that their distribution and consideration of their local 
availability may be regarded as of fundamental importance in the 
location of plants. 

It is to be noted that the term high-calcium is not used strictly 
in a quantitative sense. Limestones may contain considerable per- 
centages of impurities in the form of silica, alumina, iron and 
alkalies and still be very serviceable for cement. Silica and alumina 
are desirable in that they take the place of so much clay, and iron 
is allowable, if not present as sulphide. It is well to remark, 
however, that in the case of impure limestones there should be a 
degree of uniformity in the composition that will admit of the easy 
attainment of the proper mix. A marked variation in this respect 
will necessitate very careful oversight, if not excessive labor, to 
maintain the proper proportions between the different ingredients. 

Many limestones contain magnesia as a substitute for the lime, 
in which case they are called magnesian limestones if the percentage 
is low, or dolomites if the magnesia attains proportions of 15 per 
cent or so. The proportion of magnesia is determinable with 
certainty only by analysis. For portland cement it is important 
to ascertain the amount of magnesia in the average rock, as the 
presence of more than 4 per cent in the finished product will exclude 
the use of the cement under standard American specifications. 

In view of these limitations as to quality, the selection of a 
limestone supply must be made with some care, giving due regard 
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to the possible variations that may take place in the several beds 
to be worked. Obviously no general classification of the different 
limestone formations can be made upon the basis of composition. 
However, certain formations are more likely to contain suitable 
material than others. Broadly speaking, the chief supplies of high- 
-calcium limestones are to be found in the following geologic groups 
.or formations: Grenville, Chazy, Trenton and Black River, Clinton, 
Helderberg, Onondaga and Tully. Their stratigraphic range is thus 
from the early Precambrian to the middle of the Devonian. To 
these groups might be added the marls found at the surface and of 
recent (Quaternary) age, but as already noted the use of marls seems 
to be no longer economically practicable. 

The distribution of limestones in the State is discussed briefly 
in the section “Stone’’ elsewhere in this volume and has been de- 
scribed at length in New York State Museum Bulletin 44, ‘‘ Lime 
and Cement Industries of New York.” 

The fact that the Grenville formation contains limestones that 
fulfill the chemical requirements of portland cement manufacture 
seems to have escaped attention in most of the published accounts 
of the local supplies. The Grenville is, however, notable for the 
extensive development of carbonate rocks which range from those 
high in lime to magnesian limestones and dolomites. They all have 
a crystalline texture in contrast with the limestones of the later 
or Paleozoic formations. They have long been successfully employed 
for lime burning and are probably equally adaptable to cement 
manufacture. Their occurrence is restricted to the Adirondacks 
and southeastern Highlands, the larger areas being on the north- 
western side of the Adirondack region in St Lawrence county. As 
a tule they are low in silica and alumina, but rather high in magnesia 
which locally may fall within the admissible proportions. 

Industrial development. The earliest commercial operations in 
portland cement manufacture in New York were inaugurated in 
1881 by the Walkill Portland Cement Co. with works at Carthage 
Landing, near Beacon, on the Hudson. The supply of limestone 
was obtained from the vicinity of Kingston and the burning was 
performed in upright kilns with coke from the municipal gas plants 
of New York and Albany. The product found a ready sale and 
the enterprise was so successful that a second plant at South 
Rondout near Kingston was erected and placed in operation in 
1883. The latter had a capacity of 200 to 300 barrels a day. Fire 
destroyed this plant in 1889, after successful experiments had been 
made with a rotary kiln using oil for fuel, the first venture of the 
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kind in America. The cement mix was charged into the kiln 
without briquetting. In 1886 a cement works was put in operation 
by T. Millen & Sons at Warners, Onondaga county. The materials 
employed were local Quaternary marls and clays. The plant was 
purchased by the Empire Portland Cement Co. in 1890 who 
operated it for some 15 years, in the meanwhile changing the equip- 
ment from stationary to rotary kilns and extending the capacity. 
Another plant designed for the use of marl and clay was erected at 
Montezuma, Cayuga county, in 1890; the installation included a 
75 foot rotary kiln in which the cement mix was charged wet and 
burned with oil injected in vaporized form. This foreshadowed 
by many years the general practice of burning the raw materials 
without mechanical preparation in long rotary kilns. The principal - 
changes in subsequent practice have been to substitute pulverized 
coal for oil and to increase the length and diameter of the kilns. 
The Montezuma plant was destroyed by fire in 1893. 

The active period of portland cement manufacture may be said 
to date from about 1890, from which time the production began 
to assume considerable proportions. In the earlier years the output 
averaged less than 50,000 barrels. In 1890 it amounted to 65,000 
barrels and thereafter showed a steady gain so that by 1898 it 
reached 554,358 barrels and in 1902 exceeded a million barrels. 

The industry did not become really stabilized, however, until 
about 1905. Many enterprises had been started under the favoring 
conditions of high prices without much reference to the basic 
conditions of market facilities, and these were destined to succumb 
to competition with the plants that had better access to the main 
centers of consumption. Also, the employment of marl in the place 
of hard limestone proved to be an economic, though perhaps not a 
technical, mistake. Marl plants were erected at other places in 
addition to those already noted, namely by the American Cement 
Co., at Jordan, Onondaga county; by the Wayland Portland Cement 
Co., Wayland, Steuben county; and the Iroquois Portland Cement 
Co., Caledonia, Livingston county. By 1o10 all of the marl plants 
had either been converted for the use of limestone or had gone out 
of business. 

At present the manufacture of portland cement is on a firmer basis, 
with a better outlook for the future, than at any time in the recent 
history of the industry. There have been few new enterprises 
started in the last several years, but practically all of the mills have 
been improved, remodelled or enlarged to meet the requirements of 
the best practice. In consequence the local industry has been able 
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to strengthen its position and increase its production at a time of 
unrestricted and intense competition. 

The larger part of the manufacturing capacity of the State plants 
is represented by the mills along the Hudson river below Albany. 
This district includes a narrow strip on the river in Greene and 
Columbia counties where limestones of the Cayugan and Helder- 
bergian formations have been exposed in ledges by the cutting down 
of the valley across the general strike. This district possesses great 
advantages for the shipment of cement, since it has easy access to 
tidewater and important markets on the adjacent seaboard. There 
ate five mills in the district, three in the viciriity of Catskill, Greene. 
county, and two near Hudson, Columbia county. The Alpha 
Portland Cement Co. operates a mill on the riverside near Smith 
Landing, Greene county, which was formally owned by the Catskill 
Cement Co. The limestone (Becraft) is taken from quarries situated 
on the high ledge, about one-half mile back from the river. Alsen’s 
American Portland Cement Works are situated at Alsen, on the 
West Shore railroad, and close to the ledge, about a mile north of 
the quarries worked by the former company. A short railroad 
connects the plant with the docks on the river. The Acme Cement 
Co. started production in 1916 in the plant built by the Seaboard 
Portland Cement Co., between Alsen and Catskill. Its quarries 
are in the same series of limestone ledges and the clays are from the 
terraced beds of Hudson River clays. On the east side of the river 
in the vicinity of Hudson are the mills of the Knickerbocker Portland 
Cement Co. and the New York and New England Cement & Lime 
Co., situated on the edge of Becraft mountain, an isolated outlier of 
the same limestones that outcrop along the west side of the valley. 
The section exposed here includes the Manlius, Coeymans, New 
Scotland, Becraft and Port Ewen limestone beds. _ 

In the eastern section of the State also are the mills of the Helder- 
berg Cement Co. and of the Glens Falls Portland Cement Co. The 
former is located at Howes Cave, Schoharie county, where the Cayu- 
gan and Helderbergian formations provide many limestone beds, 
some of which are suitable for portland cement and others for natural 
cement. The first plant was erected to make natural cement and 
for a time both grades were manufactured. The present portland 
cement mill was erected about 1900 but has been improved and 
extended. Glens Falls on the upper Hudson river, where it de- 
bouches from the Adirondacks, has been the site of portland cement 
manufacture since 1894. It is well situated for the markets of 
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northern New York and the proximate section of New England. 
_ Trenton limestone and local clays are employed in the mill. 

In central New York the Cayuga Lake Cement Corporation and 
the Millen Portland Cement Co., have been the only producers in 
recent years. The former operates a mill on Portland Point, 5 miles 
north of Ithaca, where the Tully limestone outcrops near the lakeside. 
Cayuga lake is connected with the canal system of the State and 
shipments are made both by water and rail. The Millen Portland 
Cement Co., erected a plant at Jamesville, Onondaga county in 1973, 
the last one to be built in the State. The supply of limestone is 
secured from the quarries of the Solvay Process Co. nearby, the 
smaller stone being employed for cement. ‘The beds include the 
Manlius, Coeymans and lower part of the Onondaga formations. 

All of the marl plants that were built in the central part of the 
State have been destroyed or dismantled, resulting in the loss of 
considerable manufacturing capacity in this section. The last of 
the mills to succumb was that of the Marengo Portland Cement 
Co., near Caledonia, Livingston county, which was dismantled in 
IQI2. 

NATURAL CEMENT 

Cement rock supplies. The materials that have been used for 
natural hydraulic cement are impure limestones which occur in 
various formations of the Silurian system. They have a consider- 
able content of clayey matter and also are usually rather high in 
magnesia in which respect they differ most markedly from the port- 
land cement limestones. In the Rosendale district of Ulster county, 
the cement rock contains from 54 to 75 per cent of calcium and 
magnesium carbonates and from 20 to 49 per cent or so of combined 
silica, alumina and iron oxides. In central New York the typical 
rock runs higher in carbonates of which it contains 80 per cent or 
more, with 15 to 20 per cent of argillaceous impurities. 

The natural cement industry had its principal center in the 
vicinity of Kingston, the several quarry localities including East 
Kingston, Rondout, Binnewater, Lawrenceville and Rosendale. 
The beds suitable for cement making are found in the Salina and 
Rondout formations and measure up to 50 feet thick. They are 
usually tilted at high angles, so that many of the excavations are 
really underground mines in which the rock is taken out in large 
rooms, with pillars left at intervals for support of the roof. The 
mines have been worked to depths of 800 to 1000 feet on the slope - 
and 1ooo feet or more along the strike. Van Ingen and Clark’ made 


1 Disturbed fossiliferous rocks in the vicinity of Rondout, N. Y. N. Y. State 
Mus. Bul. 69, 1903, p. 1176-1227. 
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a careful study of the Rondout section and established the strati- 
graphic relations which are exceedingly complicated by the intense 
folding and faulting. In that locality 9 distinct cement layers or 
beds are encountered, with an aggregate thickness of 30 feet. 

At Howes Cave, Schoharie county, there is a great development of 
limestones which include members of the Helderbergian and Cayugan 
groups, ranging from nearly pure calcium carbonate rocks to argil- 
laceous strata with considerable magnesia. The natural cement 
tock occurs in the lower part of the section and belongs to the Ron- 
dout formation. It carries about 75 per cent of carbonates, of which 
20 per cent is magnesium carbonate; the rest is silica, alumina and 
iron oxides. 

In central New York natural cement rock has been quarried in 
Madison and Onondaga counties where it is found near the top of the 
Manlius formation of the Silurian. The quarries are located near 
Manltus, Jamesville and Fayetteville and at one time supported a 
thriving industry. The rock occurs in two layers each about 4 feet 
thick. . 

Cement quarries at Buffalo, Falkirk and Akron, Erie county, once 
ranked second only to those in the Rosendale district in quantity of 
product. The limestone is the Bertie at the top of the Salina series 
and the workable thickness ranges from 5 to 8 feet. 

Industrial development. The first experiments in the manufacture 
of natural cement are recorded as having been undertaken in Madison 
county during the construction of the Erie canal. They resulted 
from the discovery that certain limestones when calcined did not 
slake on addition of water, but after grinding the same material 
developed hydraulic properties so that it could be employed under 
water. The quarry from which the limestone used in the experiments 
was taken is said to have been situated on the lands of T. Clarke, 
in Sullivan township, Madison county. The product of the first 
efforts at cement making was employed in the locks and walls of the 
Erie canal in the years 1818 and 1819, and soon after a patent was 
taken out on the basis of this discovery by Canvass White. The 
Legislature of the State of New York purchased the patent rights for 
manufacturing the cement in the State in 1825 for the use of the 
citizens. 

Cement works were established in the Kingston district soon after 
the original developments in central New York, probably about 1825; 
the industry here was favored by natural advantages for manufactur- 
ing and marketing the product and it rapidly attained importance. 
By 1840 there were 16 plants with a total of 60 kilns engaged in the 
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business. Mather estimated the output for that year at 600,000 
barrels. The height of prosperity was attained in the decade pre- 
ceding 1900, when the output of this district reached a maximum of 
about 3,000,000 barrels a year. In 1892 the production, as given in 
Mineral Resources, amounted to 2,833,107 barrels, while the output 
of the State amounted to 3,786,687 barrels and of the entire country 
to 8,211,181 barrels. F.L. Nason! has supplied a list of the manu- 
facturers for 1893, with details of the quarries and kilns operated by 
each and of the estimated output, which will be of interest as a record 
of the industry in its prime. 


Manufacturers of natural cement in Rosendale district 


nt ESTIMATED 
NAME WORKS OF ER | 
KILNS Tey 
1893 

Néwark Lime & Cement Co.} Rondout................. 21 200 000 

N. Y. & Rosendale Cement 
CO RUE RNS DATS ede Lag Rosendale, Wilbur, Creelk- 

locks, E. Kingston....... 30 450 000 

Fe OmMNe toe ctr accpnielles Ete, Hale «ce otets bun. heya 6 25 000 
High Falls & Binnewater 

Cement Comyn serene Bininewatercizy. Se saiaratoue & 16 225 000 

DLA Barabardta) anne ae Es Erk sical Kose I i SA Se 9 55 000 

J.:it. Vandemarkes) 02 4 Bricevilley (i) sae 4 32 450 

Lawrenceville Cement Co...} Binnewater............... 15 100 000 

New York Cement Co...... eKevrephallsni sc054 be okies 13 290 000 
Newark & Rosendale Cement 

(Gop AML rs Wn Hen ar St ON Lae Wihitenort we Riaten ete 17 155 000 

As Jo SDV GER RC. 5OD 6 oa) de aiee Lawrenceville... 48 ...). <3. 5 115 000 

Connelly & Shaffer......... Creeklocks........ es Ae : 6 | 135 000 

Lawrence Cement Co....... Rock Lock, Eddyville, Bin- 
newater, Lawrenceville... 64 910 056 


Most of the plants in the above list were later taken over by the 
Consolidated Rosendale Cement Co., which secured control of the 
larger part of the manufacturing capacity and conducted operations 
at the more advantageous localities. Notwithstanding the effort 
to affect economies in production and to increase the sales, the indus- 
try rapidly declined after 1900. In the last few years operations have 
been restricted to one or two mills, with only a nominal output. 

Erie county once contributed a large output of natural cement 
from works in Buffalo and near Akron. It would appear that the 


1 Economic Geology of Ulster County. 47th Ann. Rep’t, N. Y. State Mus. 
1894, p. 593- 
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beginnings of the industry date back to 1824 when a small quantity 
of natural cement was made at Williamsville, but the first mill to 
undertake regular operations was built at Falkirk, outside of Akron 
in 1839. This plant was last operated by the firm of H. L. & W. C. 
Newman. The Cummings Cement Co. had a large plant at Akron, 
which ran until about 10 years ago. The Akron Cement Works 
also made cement here. The Buffalo Cement Co. for many years 
worked a quarry on Main street, near the belt line of the New York 
Central railroad. None of the Erie county mills have been active 
for several years. 

In Onondaga county a number of quarries and mills were operative 
up to some 15 years ago, and a small quantity of natural cement is 
still made for the local market. A list of manufacturers quoted from 
Luther! shows the extent of the industry at about the high point, 
that is for 1895. 


Manufacturers of natural cement in Onondaga county 


NO 
NAME WORKS OF 
KILNS 

seeiWiembeediy wit OM a. Pipa sink Near Fayetteville.............. B 
Bangsoe Gaynor. 3.2 8... Aa od! Rayettevilles Ue ent ne es eee 4 
HeisehanBsb be es 6. RAE AR Nears Mantis #) 0.0. see. t 4 
eA lvords 808. ote. 0.0. Se styl 23) po eh a BES) 0p, Ps aa en I 9 
EatonyBrotherss. ied. 6.0 ue Edwards Fallss . 4.2... 6.:.:: Se I 
IPL UD bbl Ko) os eS Sa a eee et AU Jammesvalle ny pe See aa 5 
Bab yeAlvord (8 Co lnk. 6. Aid 2s James valleMyn he ee eee ene 2 
privtom 6 Clarks 2.002 2. Near Jamesvillene aisles 7 
HERP EIO NV a Ren nhs, Se ek LN Marcellus Walls eine See. Ue sie = Ssilkaueiaenton 
Pa CuCorrigamay nails \eep. lee Skaneateles!Ballsasos sass. ea. 2 


PRODUCTION OF CEMENT 


The total output of natural rock cement in the State since the 
beginning and up to the year 1916 is placed by R. W. Jones’ at 
119,823,000 barrels. With the addition of the figures for 1917 and 
1918 the total thus may be placed in round numbers at 120,000,000 
barrels. 

The product of portland cement, inclusive of the figures for 1917 
and 1918 has amounted roundly to 60,000,000 barrels. 

1 Economic Geology of Onondaga County. N. Y. State Mus. Ann. Rep’t 49, 
V. 2, 1898, p. 237-303. 


3 Guide to the collections of General Geology and Economic Geology. 13th 
Ann. Rep’t of Director of the N. Y. State Mus., 1917. 
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The following table presents the figures of cement production for 
_ the period 1890-1918; the statistics for the earlier years being those 


published by the Mineral Resources. 


Production of cement in New York 


PORTLAND CEMENT 


YEAR 
Barrels Value 
RSTO RA A ee Cora et 3 a 65 000 $140 000 
TSO Mrs sn ry ee dear eae 87 000 190 250 
TOQ2e Havas Aeleiscio ta eles 124 000 279 000 
T8QSEL/ AES ee. APA, 137 096 287 725 
SOW shack itmeana cnet ces 117 275 205 231 
MS QS wrasse oc weenie 159 320 278 810 
ESQ ardent cere elke nee 260 787 443 175 
LSO7 | sc ).5 ST BAS 3904 398 690 179 
TiO Srapeetiegs fis eel le use teal ores 554 358 970 126 
1 Kol 80 eee Maen en NEO tad 472 386 708 579 
TOOOR aden aceon 465 832 582 290 
LOOBE car). as Suk shiek 617 228 617 228 
MOOD Reng olay Wore ke Neay I 156 807 I 521 553 
TOO Zc nueptesiab nia ovata dened I 602 946 2 031 310 
TQO 4s eapere en ares eae I 377 302 I 245 778 
OOH moa ton casise fear eae 2 117 822 2 046 864 
TOOGw ey Meare caus: axis cool 2 423 374 2 766 488 
MOOT ey detainee jallal «tate woe 2.108 450 2 214 090 
HOOSE eer errs ler ina 1 988 874 I 813 622 
TL QOQ ei dra orys Ghovarevare as 2 O61 O19 I 761 297 
POLO AN Wren even Soensia uae 3 364 255 2 939 818 
TCO GD UII, PAN aaa eo ear Eee 3 416 400 2 930 434 
LEC) 84 SISA 6 | RR 4 495 842 3 488 931 
OMS Se Leia tates cums ystae ts 5 146 782 4 873 807 
ROD A rr Ac er oa eaters 5 667 728 5 088 677 
LOWS icy le ade aia 5 219 460 4.175 528 
LIOR LGV ans at MMT he ka tee tena ee 5 603 477 5 752 809 
LOE ee ae ee 5 408 726 7 050 656 
POU earn eis dey aialeml seers 4 074 159 6 568 746 
References 


NATURAL CEMENT 


Barrels 
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776 
931 
780 
597 
446 
939 
181 
259 
157 
689 
409 
234 
577 
417 
881 
257 
691 
137 
623 
549 
292 
274 


287 


193 
232 
223 
104 
57 
10 


756 
306 
687 
758 
330 
727 
918 
186 
917 
167 
085 
131 
340 
137 
630 
698 
565 
279 
588 
364 
760 
973 
693 
975 
076 
564 
415 
629 
167 


Value 
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985 
046 
074 
805 
974 
285 
423 
123 
065 
813 
045 
117 
135 
510 


513 
279 
781 
387 
463 
094 
891 
771 
658 
500 
451 
066 
036 
529 
883, 
689 
211 
739 
136 


605 


202 
900 
165 
565 
117 
138 
635 
395 
625 
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CLAY MATERIALS 


A wide assortment of clay wares is made in New York State. 

The list of products includes common and ornamental building 
brick, terra cotta, hollow blocks, fireproofing, paving brick, fire 
brick, drain tile and sewer pipe, and various grades of pottery. The 
manufacture of building materials is especially important and is 
carried on in nearly every section, favored by extensive deposits of 
clay suitable for the purpose as well as by unrivalled market facilities. 
This branch of the industry enjoyed great prosperity in the period 
from about 1895 to 1910 when building operations were notably 
active throughout the State; but the use of clay materials seems 
destined to attain even greater proportion in the future by reason of 
their relative cheapness, their durability and the ease with which they 
may be adapted to various architectural requirements. 
_ The finer grades of clay wares are now being made in considerable 
quantities. Their manufacture, however, is not dependent on local 
materials for the most part. In contrast with the other States along 
the Atlantic seaboard to the south, New York possesses only scanty 
resources of the high-grade clays suitable for porcelain and white 
wares. Such deposits occur here and there, but hardly in workable 
quantities. The lack of kaolin and white clays may be ascribed to 
the work of the glacial ice which in the Pleistocene swept over practi- 
cally all of the State, carrying away the deposits of residual clays 
and replacing them with beds of bowlder clay and water-laid mixed 
clays. 


OCCURRENCE AND CHARACTER OF CLAYS 


The distribution of clays in New York, as well as their character, 
uses and industrial development, has been described at length in 
the report by Professor H. Ries, ‘‘ Clays of New York’ published as 
Bulletin 35 of the New York State Museum. The following resumé 
is based largely on data contained in that report. 

The soft plastic clays, as distinguished from shale, have accumulated 
during the more recent geologic ages, ranging from the Cretaceous 
period to the present. The time of most widespread clay deposition 
- was the late Pleistocene when practically all of the clays of the main- 
land were laid down. Cretaceous clays have a limited distribution on 
Long Island and Staten Island, and a few deposits on the north 
shore of Long Island have been referred to the Tertiary period. 

The Pleistocene deposits were formed under various conditions, 
but in most instances as the result of glacial action or of the retreat 
of the ice sheet from the gradual melting of the southern margin. 
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Some are of morainal character and were laid down under the ice or 
_at the ice front. They consist of stiff clays in ill-sorted layers 
mingled with sands, or of bowlder till made up of hard blue clay in 
which lie all sorts and shapes of pebbles and bowlders that have been 
ground and polished by abrasion as they were swept along by the 
ice. Deposits of this character have not been utilized to any extent 
except in one or two localities, owing to the difficulties presented by 
the working of the mixture of clay and rock. 

Most of the clay beds that are exploited for brick-making are the 
result primarily of glacial action but sorted and deposited by water; 
they represent the rock flour and fine materials carried along with 
the moving ice until swept out by the subglacial streams to be finally 
deposited in some quiet water, perhaps at a long distance from the 
ice itself. Such beds are found in many valley bottoms in basin- 
shaped areas which are the sites of lakes and ponds formed tempor- 
arily by obstructions of ice or moraines. They are also formed in — 
places as terraced beds along the valley that reach well above the 
present valley floor. In thickness they range from a few feet up to 
100 feet or more. ‘Their color normally is blue, but in the upper beds 
exposed to the weather they may be yellow from oxidation of the 
iron. Beds of fine sand are frequently interstratified with them, the 
alteration of the two materials taking place with marked regularity 
suggestive of a periodical change of the conditions of deposit. The 
Hudson and Champlain valleys were flooded to a great depth in 
late Pleistocene, so that deposits of clay occur in terraces that extend 
from the present water levels to several hundred feet above. 

Long Island. Clay beds outcrop along the north shore and at 
several points on the main line of the Long Island railroad. The 
common brick clays of Pleistocene age extend in patches almost the 
entire length of the island. They are generally intermixed with 
gravel and bowlders, so that sorting and crushing are necessary 
before used in brick machines. The deposits do not reach any great 
thickness and have to be worked in pits rather than banks. The 
depth of the pits is usually ro or 12 feet. The Cretaceous clays are 
somewhat sandy in character. Some are adapted for stoneware and 
the coarser pottery. The more sandy beds require very little prep- 
aration for brick making, and in some yards are used without the 
addition of sand. Elm point, near Great Neck, has been a source of 
stoneware clay. Other deposits of Cretaceous clays are found on 
the east shore of Hempstead harbor, at Glen Cove, on Center island 
in Oyster bay, on Little Neck in Northport bay and other localities. 
Brick yards have been operated at Garden City, East Williston, 
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Farmingdale, Port Jefferson, Southold, Greenport and on Center 
island and Fishers island. 

On Staten Island Cretaceous clays, some of which are light in color, 
occur in the southern section around Tottenville. They are too 
siliceous, however, to be used in pottery, and have been employed in 
terra cotta, fire brick, ornamental brick, etc. Stony clays of Pleisto- 
cenie age are found at Green Ridge and on the shore of Arthur kill, 
where brick yards have been operated. 

Hudson valley. The valley of the Hudson from Mechanicville 
south to Westchester and Rockland counties constitutes the great 
brick-making region of the State and in fact the most important 
district in the entire country. The clays are water-sorted glacial 
materials, laid down in the Pleistocene flood valley known as Lake 
Albany. They are found on either side of the river in terraces that 
reach to an extreme elevation on the north of about 400 feet above 
tide water and extend for a few hundred feet to several miles back 
from the present channel. They are covered by a mantle of sand, 
or occasionally of gravel, which was the last of the deposits in Lake 
Albany. At the base they rest upon a water-bearing sand, unsorted 
morainal materials or directly upon rock which is generally the 
Hudson River shale. 

The clays attain a maximum thickness of 100 feet or somewhat 
more. They are divided into layers or seams, with partings of fine 
sand that is very similar to the sands overlying the beds. The sand 
parting is usually scarcely more than a film, while the clay layers 
themselves are often only a fraction of an inch thick. In a fresh 
opening, as is supplied by the many banks where the clays are dug 
for brickmaking, the layered appearance of the clays is very notice- 
able on close examination, although it becomes obscured quickly by 
exposure of the clays to the weather. ‘The significance of the bedded 
structure has not been explained, but it invites inquiry from the 
standpoint of the possible relation to fluctuations in the supply of 
sediment that may have been governed by seasonal or diurnal 
changes, as suggested by the remarkable regularity in the succession 
of clay and sand. 

The upper beds, representing a section of a few feet usually but 
in some places as much as 30 feet, consist of brown or yellow clay 
which has been shown by R. W. Jones! to be the weathered and 
leached equivalent of the blue clay below. In comparison with the 
latter the yellow clay contains smaller amounts of the more soluble 
constitutents —calcium, magnesium, sodium and potassium. The 
two grades react somewhat differently to physical tests. The ordi- 


IN. Y. State Mus. Bul. 178, p. 27. 
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nary blue clays require about 29 per cent of water to make them — 
sufficiently plastic for brick manufacture by the soft-mud method. 
They shrink by air drying about 6 per cent, and when burned at 
cone I (about 1150° C) show no fire shrinkage. The burned product 
is a relatively soft brick of pink color. In working the brown clays 
about 26 per cent water is necessary and the air shrinkage is 7.5 per 
cent. At 1150° C they show a fire shrinkage of 1.5 per cent and 
give a dense vitreous product of red color. 

As a variation of the blue brick clays that are found along the 
middle section of the Hudson valley, the Albany slip clay presents 
some features of interest. Its occurrence is not distinguished by 
any local characteristics different from those surrounding the brick 
clays, in fact the two occur together. The slip clay is an excep- 
tionally soft ‘‘ greasy’ type of the blue clay in which the sandy 
partings are reduced to a minimum. The two can hardly be 
differentiated, however, by physical appearance alone, and actual 
tests are required to determine whether a particular bed is slip clay 
or not. From a number of chemical analyses Jones! found that 
the principal difference in composition lies in the alumina content 
which is lower for the slip clays. There is, however, a considerable 
range in this respect among different samples obtained in the same 
locality, the percentages of aluminum oxide varying from 11.80 to 
15.65 per cent in five samples taken from an Albany bank. The 
clay is worked mainly in the vicinity of Albany, and seems to be 
restricted in occurrence to a stretch of a few miles above and below 
that city which lies near the middle of the old Mohawk delta, where 
the clays attain their maximum areal development. Its use as a 
slip in glazing pottery wares is best known. Much of the domestic 
stoneware is thus glazed. Electric insulators for high-tension 
transmission lines are often glazed with slip clay. A mahogany 
color is usually sought for in glazes and is natural to some of the 
Albany clay. A larger use for the clay has developed in the 
manufacture of carborundum and emery wheels; the granular 
abrasives are mixed with a small proportion of slip clay and then 
molded into forms, after which they are fired. The slip clay 1s 
preferred to other clays for the purpose on account of its low fusion 
point. 

Brick manufacture is carried on in the Hudson valley by the 
soft-mud process, and in 1915 the canvass conducted by this office 
showed a total of 127 such yards located along the river from 
Saratoga county to Westchester and Rockland counties. The 
combined capacity is well over a billion brick a year. In 1906 the 


‘Op. cit. p. 28. 
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high mark of 1,230,692,000 was reached, with 131 yards in operation. 
The leading centers of the industry are Mechanicville, Albany, 
Hudson, Catskill, Saugerties, Kingston, Roseton, Dutchess Junction, 
New Windsor, Verplanck, Stony Point and Haverstraw. 

Hollow blocks and fireproofing are made from the Hudson River 
clays at Troy. The weathered or yellow clay is employed with 
a mixture of grog. No special difficulty is experienced in the molding 
and burning of the wares, contrary to the opinion that seems to 
be current that the clays can not be successfully handled except 
by the prevailing methods of molding soft and burning in scove kilns 

Lake Champlain. The deposits are somewhat similar to those 
in the Hudson valley. Terraces occur along the lake from White- 
hall at the southern end to beyond the state line. They are of 
variable width, narrowing southward where the Adirondack 
ridges rise steeply almost from the shore line. At the lower end 
of the lake the deposits seem to be of marine character and were 
laid down on the receding shores of the arm of the sea which invaded 
the valley after the withdrawal of the glacial waters. At Westport 
and Port Kent the section shows yellowish brown sand, brown clay 
and stiff blue clay, the latter being calcareous. The beds have a 
thickness of 15 feet. The clays are used for brick, most of which 
have been made in the vicinity of Plattsburg. 

Interior of the State. In the Mohawk valley clay beds of limited 
areal extent occur at intervals between Rome and Schenectady. 
They range from 5 to 15 feet thick and are red, blue or gray in color. 
They have been employed for common brick and hollow brick. 
The largest output is made in the Deerfield yards near Utica. 

Clay beds underlie many of the valleys in the central and southern 
parts of Onondaga county. Many of them possess a red color, 
from admixture perhaps with the Vernon shales that reach across 
the county in an east-west belt on a line with Syracuse. A stiff 
red clay is found at the south end of the Onondaga valley. On 
the east bank of the Seneca river, east of Baldwinsville, blue and 
buff clays have been dug. The exposed thickness is from 15 to 
25 feet. Stoneware clay has been obtained in years past at Belle 
Isle, a few miles west of Syracuse. The range of products that 
have been made from the local clays include common brick, paving 
brick, hollow blocks, drain tile and earthenware. Porcelain electric 
supplies and table china are made in the Syracuse potteries, but the 
crude materials are obtained from other sources, mainly outside 
of the State. 

Around Rochester clay is found over an area extending 7 miles 


52 NEW YORK STATE MUSEUM 


north and south and 1o miles east and west, in the towns of Brighton, 
Henrietta and Chili. It is usually of reddish color and has an 
extreme depth ot 10 or 12 feet. The main pits are in the vicinity 
of Rochester. Common brick, fire brick, building tile, fireproofing 
and drain tile have been made in the yards. 

The clays of Buffalo and vicinity are the basis of an extensive 
brickmaking industry, the largest west of the Hudson river. The 
clays are described by Ries as bowlder clays and modified glacial 
beds, varying from a foot or less to 60 feet thick. A section on 
Grand island showed 20 feet of red clay and 14 feet of bowlder clay. 
There are deposits at Tonawanda and La Salle, and along the shore 
of Lake Erie south of Buffalo. Besides common building brick the 
local works have produced pressed brick, hollow brick, earthenware 
and drain tile. Pottery is made in Buffalo from foreign clays and 
ornamental brick from the Hamilton shales. 

Clay is worked at Jamestown and Dunkirk, Chautauqua county. 
At the latter locality the deposit is 20 feet thick, consisting of yellow 
sandy clay on top and blue clay underneath. 

In the southern part of the State the clays are of comparatively 
little economic importance. A small output of building brick has 
been made at Binghamton, Horseheads, Ithaca and a few other 
localities. The shale formations, however, are of more value, and 
will be described under a separate head. 

In Jefferson and St Lawrence counties scattered deposits of 
clay occur that have been used for common brick manufacture in 
Watertown, Carthage and Ogdensburg. At Watertown a deposit 
20 feet thick consists of red and gray clays resting on Trenton 
limestone. 

OCCURRENCE OF SHALE 


In addition to soft plastic clays New York has immense and 
widely distributed resources of shales, some of which are adapted 
to the manufacture of vitrified paving brick and ornamental brick. 
A discussion of the possibilities of the shales for paving brick will 
be found in Bulletin 174 of the New York State Museum. 

The Devonian formations that outcrop in the southern half of 
the State, between a line drawn from Albany to Buffalo and the 
Pennsylvania border, include several important shale formations, 
notably in the Hamilton, Portage and Chemung groups. The shales 
are exposed in belts with an east-west trend and contain interbedded 
layers of sandstone which is quarried in many places for flagstone, 
building stone, etc. Splendid exposures are to be found in the 
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transverse stream valleys and along the shores of the Finger Lakes 
which occupy deep trenches in the Devonian rocks. The shales 
show a considerable range of composition, some being very siliceous 
with relatively small porportions of clay substance, and others are 
normal clay shales. Their utility is a matter for local investigation 
of conditions and practical tests. In many places they have been 
found to make an excellent paving brick, quite as good as the material 
made from fire-clays of Pennsylvania, Ohio and Michigan. Among 
the localities where the shales have been used for brick are Angola 
and Jewettville, Erie county; Jamestown, Chautauqua county; 
Olean, Cattaraugus county; Alfred center, Allegany county; Corning 
and Hornell, Steuben county; Newfield, Tompkins county; Bing- 
hampton, Broome county; and Catskill, Greene county. 

The Hudson River shales which outcrop along the Hudson above 
the Highlands are usually hardened slaty materials developing 
little natural plasticity when ground. Some phases are high in 
silica, while the lime and iron content may be high. They have 
not been employed in brick manufacture, although the more argil- 
laceous types which occur here and there might serve in mixture 
with the plastic local clays for the purpose. 

The Salina, Clinton and Medina formations contain much shale, 
but in general it is not of a commercial grade. 

The physical properties of the Devonian shales with reference 
to their adaptability to brick manufacture have been studied by 
Prof. H. Ries.! The following analyses of shale samples from 
different localities of the State will indicate their general chemical 
nature. 


SLG Faceted Sea 52.30 | 57.79 | 64.45 | 53-.20| 65.15 | 58.44 64.30 
AOR re 1%. 18.85 16.15 LH I] 23.25 15.29 |\, 6 
Inte OF aaie ce 6.55 5.20 7.04 10.90 6.16 7-45 33-90 
(COA ek Ar Me 3.36 eT .58 1.01 3.50 1.16 1.46 
MEO. oh 47, 4.49 4.67 1.85 62 1.57 2\.23 1.30 
KOR tk 2: 4.65 4.11 2.52 6 
INaaO 25 ce 1.35 1.22 1.95 rahe te TED cated 2 ob alain a 
CO 1 ES. 3.04 Bye PU laen reat lnsparene ee hah HAS Pe eal Sn Hla ana 
BOs EL? 5.30 AM SOn th. ery, GAO Ne MT en tie Rae OE a ar ANE 
Total QOP 80.) OON7ONl mo. ee DOQZOOW NN Pen, EMRE Na uit sale Eat 


a Total also includes sulphuric acid, .41; titanic oxide, .91: manganese oxide, .52. 


1 Physical Tests of the Devonian Shales of New York. N. Y. State Mus., 49th 
Ann. Rep’t, v. 2, 1895. 4 
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I Salina red shale, Warners, Onondaga county, Analysis supplied by Onondaga 
Vitrified Brick Co. N. Y. State Mus. 49th Ann. Rep’t, v. 2, p. 692. 
'2 Salina blue shale, Warners, Onondaga county, idem. 

3 Chemung shale, Hornell. Analysis supplied by Hornellsville Brick Co. op. cit. 

4 Chemung shale, Alfred Center, Allegany county. Analysis supplied by 
Celadon Terra Cotta Co. op. cit. 

5 Portage shale, Angola, Erie county, op. cit. 

6 Hamilton shale, Portland Point, Cayuga county. U. S. Geol. Surv. Bul. 


522, p. 291. 

7 Hudson River shales, Hudson, N. Y. op. cit. 

THE CLAY INDUSTRIES 

Clay-working plants are widely distributed over the State and 
their products include a large variety of wares. Brickmaking is 
the largest branch, both in regard to the number of enterprises and 
the value of their aggregate annual output. Common building 
brick constitutes the main item of production, but front and orna- 
mental brick and vitrified paving brick are manufactured in smaller 
quantities. Next to this branch in importance is the pottery 
industry which accounts for a considerable proportion of the annual 
total, and has shown such progress in the last few years that it 
promises to become the leading department in regard to value of 
the product although restricted to a few centers and dependent 
largely upon outside supplies of raw materials. 

The accompanying table exhibits the figures of production for 
the leading branches, as well as the aggregate output for the entire 
industry during the period 1904-1918. The figures for the last 
three years were compiled by this office in cooperation with the 
United States Geological Survey; for the earlier years they were 
collected by this office independently by canvass of the whole trade. 


Production of clay materials 


COMMON PAVING TERRA OTHER 


Sarton BRICK BRICK COTTA iy cae KINDS TORAL 
EQOA eye $7 234 876|$210 707} $798 028/$1 438 634\$1 822 459/$11 504 704 
TOOS ieee 9 751 753| 180 004 874 717| I 620 558] I 852 984/14 280 O16 
HOON s Gu be | Q 302 165] 178 O11] I 037 387| I 795 008] I 642 729/13 955 300 
HOLOW/n Gis ula 7 201 525] 184 306] I 224 300] 2 240 895] 1 837 842|12 688 868 
QOS He is 5 064 194] 211 289 709 360] I 653 241] I 280 777] 8 918 861 
GOO anual 8 009 766} 207 970 962 497| 1 827 193] I 344 056/12 351 482 
TOWOME Heer 6 563 212} 333 511] 1 062 O17} 2 136 518] I 423 724/11 518 982 
KOE UA eae 5 310 511] 307 529 718 700] 2 196 054] I 218 865] 9 751 659 
TOP ue aie 6 666 945} 382 984] I 139 291] 2 876 762 977 I13]12 043 095 
TOM ely oe 5 938 922] 576 970] I 113 322] 3 367 187] I O81 471|12 077 872 
TOPAN Ha ee 4 597 856] 680 226 892 630] 2 405 676 898 831] 9 475 219 
TOM cies 4 886 734| 382 502 647 815} 3 064 274] I O21 048/10 002 373 
BOLO ace 6 433 266] 204 209 714 O41] 3 344 672] 1 058 824/11 755 O12 
HOG a Mh elaine 5 068 028] 248 506 813 112] 4 076 817] I 221 936|11 428 399 
TOMS.) el apve 3 050 037] 113 395 426 724) 6 047 472] I 255 326/10 892 954 
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_ The statistics evidence the changing conditions in the industry 
from year to year. The aggregate value of clay wares has averaged 
about $12,000,000 throughout the period, but has fallen considerably 
below that figure occasionally in times of severe depression as in 
1908 and 1911, when the building trades were almost at a standstill, 

and again in 1914 when the outbreak of the war caused a severe 
decline of industrial activity. The notable feature of the statistics, 
which marks apparently a fundamental change in progress at present, 
is the increase of the higher-grade wares by which alone the dimin- 
ished outputs of the commoner grades have been counterbalanced 
in their effect upon the annual totals. 

In 1917 there were 170 enterprises who reported a production or 
sale of clay products for that year. In 1918 the number was 147. 
Both years showed a falling off in the number of enterprises from 
that of 1916, when 182 reported sales or production. The last 
two seasons were unprecedented in severity of conditions for the 
operators, who were unable to secure the necessary labor or fuel 
to conduct work on the normal basis. The most prosperous years 
of the industry, so far as widespread activities are concerned, were 
1905, 1906 and 1907, when the number of operative plants reached 
a maximum of 265 and were distributed over 48 counties of the 
State. 

Brick manufacture. The brick-making industry is carried on 
more widely than other branches of clay manufacturing and is 
represented in practically every section where a local demand exists 
for the product. Inasmuch as the clays are adapted mainly for 
the common grades of brick, the enterprises are practically dependent 
upon the nearby markets for outlet. They are located therefore 
in the vicinity of the larger towns and cities, but particularly along 
the tidewaters of the Hudson which give ready access to the towns 
on that river and also to the great metropolitan district, the largest 
market for building materials in the country. 
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Production of common building brick in New York 
ee ——————————EE—eee 


YEAR QUANTITY VALUE ve are ee 
EQOA GT LORE: YN EDEN I 275 859 000 $7 234 876 $5 67 
TOO Saye ne i MET a ns UN I 493 459 000 9 751 753 6 53 
QOD eeu sraaie eka a oe aee) siete I 575 434 000 Q 302 165 5 98 
TOO ZA IEE TS IANO ON ee ORS I 351 591 000 7 201 525 5 33 
MOOG eyed yo Oe ak Cg el I 056 769 283 5 064 194 4 79 
QO ae aus ese ehe eve cel eed tehe sane I 507 126 000 8 009 766 5 31 
FOTOS EVRA eile ORO ATE I 396 606 000 6 563 212 4 70 
3 (C0) Th WARN Peg aU URE Era A aA He I 066 982 000 5 310 511 4 98 
ICO Oe 2A Male MIL ACMA le TT a WO I 190 374 000 6 666 945 5 61 
ICO ie Tes dearest ERS AR eH A Fat eke I 090 506 000 5 938 922 5 45 
LOG: LRSM ENGL ney NE cet ae 932 759 000 4 597 856 4 93 
QUIS er enitecuetepe ee evecare cetera 934 726 000 4 886 734 5 22 
TOTO Naa el SR 977 085 oco 6 433 266 6 59 
LON UZ PBPOS Fo, SRGDERCRS etl Ses CRE Ag rete 656 508 000 5 068 028 7 72 
LOTS rece ec lke ce euniey ee eismestes 313 638 000 3 050 037 9 72 


Altogether there are probably 175 yards equipped for making 
brick, although the number actually operated in the last few years 
has fallen considerably short of that figure, owing to a combination 
of conditions. In 1906 there were 213 plants engaged in the common 
brick industry of which 131 were situated in the nine counties 
comprising the Hudson River district. With the decline of demand 
which has manifested itself in the last decade a considerable number 
of yards have been dismantled. 

There has been less change or improvement in methods of brick 
making than in almost any other branch of the mineral industry 
carried on within the State. Nearly all of the common brick are made 
by soft mud machines, dried largely in open yards and burned in 
scove kilns. These methods are wasteful of labor, fuel and also 
of product, of which a considerable share consists of rain-washed and 
underburned brick, under the best circumstances. It is commonly 
held that the soft plastic clays, like those in the Hudson valley, 
are scarcely amenable to any other process, but this should not 
be accepted as a general principle without: actual working tests, 
since there is known to be a great deal of variation in the character 
of the clays within a single district. 

In the Hudson River region which includes the strip on both 
banks from Albany and Rensselaer counties south to Rockland and 
Westchester, the output in a normal season has amounted to 
1,000,000,000 brick and in some years has ranged well above that 
number. In 1906 for example, it was 1,230,692,000, probably the 
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largest outturn up to the present. The capacity of the yards may 
be placed at about 16,000,000 a day, the output of nearly soo 
soft-mud machines. The chief districts are in the vicinity of 
Haverstraw, Dutchess Junction and Kingston. There are over 20 
yards in the Haverstraw district which extends from the southern 
limits of the town north through Grassy Point and North Haverstraw, 
a distance of about 3 miles. Nearly one-third of the capacity of 
the whole Hudson River region is represented in this district. The 
clay is obtained from pits and banks just back of the river shore 
and by dredging the bed of the river itself, the latter practice being 
employed by four yards. At Dutchess Junction there were until 
recently 16 yards and their capacity was about one-fifth of the total 
for the district. The Kingston district stretches along the river 
front above and below that city for 12 miles, including yards at 
Port Ewen, Kingston, East Kingston, Glasco, Saugerties and Malden, 
with a capacity nearly equal to that of the Haverstraw district. 
According to R. W. Jones who has supplied most of these particulars, 
the yards now use coal largely for firing the arches in the place of 
wood which has become too expensive for the purpose; the open 
yard is favored for drying, although pallets, covered yards and steam 
tunnels are to be found in the district. The brick are mostly shipped 
to New York, the output in Albany and Rensselaer counties alone 
being largely marketed locally. Barges are used for transport. 


Output of common brick in the Hudson River region for 1916 


NUMBER PRICE 

COUNTY OF OUTPUT VALUE PER 
OPERATORS THOUSAND 
Lully Gh aie ee ee II 71 183 000 $442 640 $6 21 
Columbia oe 4 59 415 000 350 771 5 90 
Wrutelessii i.) ho) 14 87 779 000 552 271 6 29 
PCCM se Nie iui ties 5 29 683 000 182 524 6 14 
Wrans eis Noes ie 3 7 80 450 000 577 829 7 18 
ESE TISISTS AVES (289 SIV SSN ATER UGE ARO as TE EL Ui CRANE HOR NAN RR 
teockdamade/: et ie 19 | 121 967 000 809 O19 6 63 
(ULSI eie re eins PL ge ee 22 | 222 651 000| I 444 275 6 43 
Westchester........... 2 18 357 000 126 197 6 87 
Plomalss Hikaru: 85 | 691 485 000 | $4 485 526 $6 48 


_ The output of Rensselaer county is not included with that of the Hudson river counties, having 
tidewater transportation. 
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Output of common brick in the Hudson River region in 1917 


NUMBER PRICE 

COUNTY OF OUTPUT VALUE PER 
OPERATORS THOUSAND 
PAT eens et poles Sek PA ee OB 12 50 774 000 $376 431 $7 41 
Coltimbiaeen ae eee 5 32 618 000 261 320 8 OL 
Dutchess ce eae II 56 740 000 4II 681 7 26 
Greenewrsyy wee. Wey: 5 23 861 000 138 197 5 79 
Oramcie cry iy ay te) ls 5 61 083 000 441 790 Wee 
ensselacnay. home! sce Be UE a ae tee 
Rockland senha 20 89 227 000 668 197 7 49 
Wistert ey eRe Asie 20 142 768 000 I 040 535 7 29 
NWiestchester ra een 5 9 973 000 85 422 8 57 
PINOT bie GM SL 85 | 467 044 000 $3 423 573 $7 33 


a The output of Rensselaer county is included with that of Albany county. 


Output of common brick in the Hudson River region for 1918 


NUMBER PRICE 

COUNTY OF OUTPUT VALUE PER 
OPERATORS THOUSAND 
Aner tiy ae ate canes II 27. 453 000 $290 935 $10 60 
Columbian eee 5 15 372 000 145 367 9 46 
Dutchesstar Ao) mole. 10 28 376 000 256 918 9 05 
Greene nn hho Nels eter 5 9 875 000 93 405 9 46 
Orange ares Vac kee 4 14 775 000 (DAS 8 34 
Rensselaer a........... 2) ec bs. Seen ede isiaasa S ieee 
Rocklandiyy. (sehnnn 13 29 994 000 267 972 8 93 
(Sten iepna sete hint. e Wc 14 8I 332 000 735 140 9 04 
Westchester........... 2 4 397 000 37 607 8 58 
MOtalien ss.) patton. 66 | 2II 574 000 $1 950 611 $9 22 


a The output of Rensselaer county is included with that of Albany county. 


At Mechanicville, Saratoga county, there is a smaller center of 
brickmaking, based on the Hudson valley clays, which is supported 
mainly by the New England market. The same methods are 
employed as farther south. Five yards are in existence of which 
three have been recently active. 

Outside of the Hudson valley the principal centers are at Utica, 
Syracuse, Rochester and Buffalo and vicinity, of which the last 
has the largest production. Soft clays are not so abundant and the 
use of shale, either alone or in mixture with clay, has been adopted 


MINERAL RESOURCES OF THE STATE OF NEW YORK 59 


by some of the Erie county yards. The latter make wire-cut brick 
and have permanent kilns. 

Front brick are made in comparatively small numbers, and it is 
in this branch that the greatest opportunity for development seems 
to lie. At present most of the ornamental brick are brought from 
Ohio, Pennsylvania and more remote states, although materials 
are at hand that could be used for their manufacture in local yards. 
Some of the shales are well adapted to the purpose and are being 
used successfully by a few plants. The following statement by 
R. W. Jones! is also of interest in this connection. ‘‘ There is found 
along the Hudson river in certan localities a heavy bed of light brown 
laminated clay having a low fire shinkage and comparatively high 
fusing point. This clay without the addition of any other substance, 
burns to a dark red color and when formed in the auger machine 
gives a perfectly smooth surface. It is not necessary to add sand 
in tempering with the present mining equipment and with a small 
addition in the way of auger machines and kilns at a few of the 
present Hudson river yards there could be turned out an immense 
quantity of first-class, smooth-face red front brick for the New York 
market.” 

Fireproofing. The production of this material has shown a fairly 
steady growth in the last ten years and has become an item of 
considerable importance in the list of manufactures. The material 
is known under the various names of terra cotta lumber, hollow 
tile, hollow building block, as well as fireproofing which may serve 
as the collective term. It includes a variety o1 shapes and sizes 
that are used in the construction of side walls, floors, arches and 
partitions, but usually one of the faces has an area of 1 square foot. 
The product is mainly sold by the ton, but for small quantities the 
prices may be quoted by the square foot. The number of air spaces 
varies from one to nine. According to R. W. Jones’, the material 
in New York State is made by the stiff-mud process. Both clays 
and shales are used, either separately or mixed, depending upon 
local conditions. While the clays of the Hudson valley are not 
usually suitable for the manufacture of stiff-mud wares, there are 
local beds, especially among the delta deposits, that can be employed 
for the purpose. Such deposits occur near the mouth of the Mohawk 
river and are utilized for the manufacture of both fireproofing and 
common hollow brick. The calcareous clays of the western part 
of the State are also used and the shales in some sections seem to 


1N. Y. State Mus. Bul. 190, p. 22, 1916. 
3N,. Y. State Mus. Bul. 174, p. 22, 1914. 
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be well adapted to its manufacture. The preparation of the soft 
plastic clays consists first in passing them through a disintegrator 
without water. Coal screenings, sand, and grog of crushed burned 
brick may be added at this point. The mixture then goes to a set 
of rolls, through a pug mill and finally to the machine, which is 
generally a horizontal auger type, but may be a tile press. Shales 
are usually pulverized in a dry pan, water added to the ground 
material which then is finished in a wet pan as substitute for the 
pug mill. Drying is performed by steam, waste-heat, or direct-heat 
tunnels, and also in covered pallet yards. The product is burned 
in down-draft kilns with bituminous coal for fuel. The burning 
requires about 5 days. 

The production of fireproofing has been carried on in recent years 
at eight plants, of which three are in Erie county and one each in 
Monroe, Livingston, Rensselaer, Niagara and Kings counties. The 
output has varied considerably from year to year with the activity 
in building operations and in the last three seasons naturally has 
shown a tendency to decline. The value for 1914 was $245,034, 
for 1915 $177,844, for 1916 $174,786, for 1917 $140,464 and 1918 
$174,974. 

Paving brick. The manufacture of paving brick is one of the 
branches of the clay-working industries that has shown evidences 
of substantial growth in recent years, although it received a setback - 
with the outbreak of the war and consequent suspension of active 
road building throughout the State. The first paving brick were 
made in 1888 at Elmira. Since then plants have been erected at 
several other localities, namely, Binghamton, Corning, Hornell, 
Jamestown, Newfield, Syracuse and Catskill. The maximum output 
was recorded in 1914, when the returns showed 46,696,000 brick 
valued at $680,226. In the following year owing to conditions 
brought about by the war the output fell to 26,154,000 worth 
$382,502. In 1917 it was 12,906,000 with a value of $248,506. 
The 1918 production was 4,784,000 valued at $104,764. 

The materials most commonly employed for paving brick are 
fire-clays, but in their absence the Devonian shales have been tested 
out and certain occurrences found to be well adapted for the purpose. 
The shales belong to the Hamilton, Portage and Chemung formations 
which outcrop in belts extending east and west across the central 
and lower tiers of counties as far south as the Pennsylvania state 
line. There are many places where the shales outcrop in force under 
conditions favorable to their excavation and use, but they do not 
all possess the necessary physical and chemical properties so that 
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working tests are necessary to establish the value of the shales of 
any particular locality. The existence of these resources in the 
southern section of the State may prove of greater importance in 
the future than in the past; they seem to be the most available 
local material for road construction as there is a dearth of good stone 
in that region. 

The shales in some places are worked up alone, having sufficient 
plasticity when ground to make brick. When this quality is lacking 
a certain proportion of plastic clay is admixed with the shale. The 
following description of the methods in current use has been taken 
from an article by R. W. Jones in the Mining and Quarry Industry 
for 1913: 

“Tn nearly all cases the material receives a preliminary crushing 
in jaw or gyratory crushers before it is sent to the dry pan. It is 
reduced in the dry pan to a size that will pass a 3-16 inch mesh, 
then screened and the oversize returned to the pan for further 
grinding. The pulverized material then goes to the storage bins. 
The dry pan consists of a revolving slotted or perforated iron plate 
having a rim about one foot in height around the side. Two heavy 
iron mullers resting on edge, revolving by friction against the bottom 
plate, crush the material. 

“From the storage bins the pulverized material goes to the pug 
mill where the necessary water is added to form a stiff mud. The 
pug mill consists of a semicylindrical, horizontal trough of metal 
through the center of which revolves a shaft, furnished with steel 
arms so set as to mix thoroughly the dry material and water and 
to feed it continually forward to the brick machine. 

“The brick machine, generally known as the auger machine, 
consists of a heavy tapering steel barrel set directly under the pug 
mill or combined with the pug mill on a single base. The material 
from the pug mill is forced by the auger under great pressure through 
this tapering barrel and issues from a die at the end in a solid column, 
the size depending upon the method to be used in cutting. With 
side-cut bricks the column has a cross section of about 4} by 10 
inches and with end-cut bricks 4 by 4} inches. The column 
of stiff mud is forced along over a cutting table where it is cut by 
means of piano wire into bricks of such dimensions that, allowing 
for repressing, drying and burning, will produce a finished product 
of a standard size. Twelve bricks are usually made at one cut. 
From the cutting table the product is taken by a continuous belt 
either to the represses or direct to the double-deck cars preparatory 
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to drying. Lugs are a necessity on paving bricks and are either 
formed by the process of repressing or at the time of cutting. 

“The product now goes to the drying tunnels where a temperature 
sufficient to dry the bricks in about 24 hours is secured either by 
the use of steam, waste heat from the kilns, or by direct heat. The 
bricks lose in moisture about 20 per cent of their original weight in 
the process of drying. The cars have a capacity of from 450 to 
500 bricks and traverse a distance of about 100 feet between the 
time of entering and leaving the drying tunnels. 

“ Burning, which is probably the most important branch of the 
industry, is carried on in down-draft or in continuous kilns, using 
bituminous or anthracite coal with or without a forced draft. Kilns 
and methods of burning vary. The kiln in most common use, 
known as the rectangular down-draft kiln, has inside dimensions 
of about 80 feet in length by 18 feet in width and 123 feet in height 
with ten or more fireplaces on each side. The fireplaces are built 
in such a manner that the heat reaches the top of the kiln first, 
passes down through the green brick, then through the floor and by 
a system of flues to the stack. The proper burn is recognized almost 
entirely by the settle of the brick. Kilns are set about 27 bricks 
high, the bricks separated from each other by a thin layer of sea 
sand, and burned from 1o to 12 days until the material settles from 
12 to 15 inches. On account of the difference in kiln temperature 
between the top and bottom it is the usual custom to set the first 
two to six layers with either common, side-walk, or rough-faced 
front brick that do not require so high a temperature to burn as do 
the paving brick. 

“A circular down-draft kiln is also used in the burning of paving 
brick. The kiln, in this case, has an inside diameter of from 20 
to 30 feet and a height of about 14 feet, and is usually furnished 
with eight fireplaces having individual stacks or all drawing to one 
stack. It would seem from experience that the circular down-draft 
kiln has some advantages in temperature regulation. The continuous 
kiln in use for the burning of paving brick, in this State at present, 
is of the Haight type. This consists in form of two rectangular 
kilns placed in a parallel position and connected at both ends by a 
semicircular extension of the same cross section. The kiln is 
divided into fifty-five chambers and after the original fire is started 
it is a continuous operation of setting, burning, cooling and emptying. 
This kiln is top fired, using bituminous coal, the fire being controlled 
and regulated by dampers. The waste heat in cooling is carried 
over to a forward chamber and assists in drying. As soon as a 
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compartment is burned, the fire is transferred ahead to the next 
and the first begins to cool. In this manner, the fire is carried 
completely around the kiln.’’ 

Pottery. Pottery has been made in New York since early times. 
It was probably one of the first branches of the clay-working industry 
introduced by the colonists, although there is little specific informa- 
tion to be had in regard to the early beginnings of pottery 
manufacture. It is certain that the first efforts in this line did not 
extend beyond the production of common wares like earthenware 
and stoneware which required no considerable plant or technical 
equipment. Clays suitable for pottery of this sort were dug in 
certain localities within the State or were brought in from New 
Jersey and other sources. One of the best slip clays for the glazing 
of stoneware is to be had in Albany, and no doubt the deposit had 
something to do with the location of potteries in that vicinity which 
carried on active business up to a few years ago. 

White wares as articles of manufacture did not receive attention 
from local potteries until about the middle of the roth century. 
The present diversified industry, which covers nearly every depart- 
ment of the ceramic arts so far established in this country, has been 
a development practically of the last three or four decades. A 
factory for making bone china was established in Brooklyn in 1854, 
probably the first of its kind. This later became the Union Porcelain 
Works which took up the manufacture of porcelain ornamental 
and table wares; the plant is still active. A pottery for granite 
wate was located in Syracuse in 1871 and about 1886 the Onondaga 
Pottery Co., the owners, converted it into a pottery for china wares; 
it ranks as one of the large and successful establishments of the kind 
in the country. The Iroquois China Co. of Syracuse also manu- 
factures china tablewares, and in Buffalo is the Buffalo Pottery, 
a producer mainly of white ware. 

Porcelain electrical supplies constitute one of the largest items 
of the list of pottery wares, and in this branch New York shares 
with one or two other states the leadership in regard to value of the 
annual outturn. The list of manufacturers include the Empire 
China Works and the Union Porcelain Works, Brooklyn; Pass & 
Seymour, Inc., Syracuse; Locke Insulator Manufacturing Co., 
Victor; Lapp Insulator Co., Inc., Leroy; Weber Electric Co. and 
the General Electric Co., Schenectady. 

The manufacture of earthenware and stoneware has not been very 
active in the last few years. The Syracuse Pottery is the principal 
producer in this line. 
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Among the miscellaneous articles which have been made by New 
York potteries in recent years are art wares, delft, chemical and 
sanitary wares, and tobacco pipes. 

The pottery production for 1917 was valued at $4,076,817, about 
one-half of which represented the value of porcelain electrical sup- 
plies ($2,018,363) and over one-third of the total consisted of china 
table wares ($1,574,962). In 1918 the pottery production amounted 
to $6,047,472, of which $3,595,478 is credited to porcelain electrical 
supplies. 
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DIATOMACEOUS EARTH 


Diatomaceous earth is a finely divided earthy substance that 
closely resembles chalk or marl in appearance but has a base of 
silica instead of lime carbonate. It is an accumulation of the skeletal 
remains of minute organisms (diatoms) that live in fresh lakes and 
ponds. It is sometimes called tripoli, but the two should not be 
confused, as tripoli is a silicous earth formed by the decomposition 
and breaking down of impure limestones and hence of inorganic 
derivation like rotten stone. It is a very light, porous, usually 
white material that occurs in powdery or slightly coherent condition. 
Chemical analysis shows the presence of considerable water com- 
bined with the silica, so that it differs from ordinary quartz and is 
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classed by mineralogists with the opal varieties of silica. The better 
grades of diatomaceous earth contain not more than 2 per cent of 
impurities in the form of iron oxides, alumina and lime, with 85 per 
cent or more silica, the rest being water. 

Uses. By reason of its hardness and uniform fineness of grain 
diatomaceous earth makes a good abrasive. It is extensively 
employed in polishing powders and scouring materials for metals. 
According to Frank J. Katz in an article in the Mineral Resources 
for 1915, its uses have been considerably extended of late, so that 
the demand for it has steadily grown. Among the different func- 
tions which it serves are as a filtering agent, as an insulator for 
steam pipes, boilers and in fireproofing, as an ingredient of phono- 
graphic records, as an absorbent in artificial fertilizers and as a base 
for the manufacture of water glass. It has been employed also in 
the production of cements, glazes, artificial stone, paints and pig- 
ments, fireworks, matches and various other commodities. 

Occurrence. The principal deposits of diatomaceous earth are 
found in the Adirondack lakes. Most is known of the deposits in 
Herkimer county, which have been reported upon by Charles F. 
Cox, as noted in the appended list of references. One of the local- 
ities, White Lead lake, in southern Herkimer county has been 
known for many years and has been the source of considerable 
quantities of the material for commercial use. The deposit in that 
lake is said to cover an area of about 4 acres and to have a thickness 
of from 2 to 30 feet. It lies below 4 feet of water. The material 
after excavation is purified by washing and settling in vats, then 
compressed and dried. The Adirondack Diatomaceous Earth Co. 
has worked the deposit in recent years. An analysis by Dr Gideon 
E. Moore, as reported by F. J. H. Merrill showed the following 
composition. 


SiOz 86.515 
Al,O3 .449 
Fe,O3 374 
CaO .120 
H,0 and Volatile 12.120 
Undetermined .422 

100.000 


Construction work on the Mohawk & Malone Railroad about the 
year 1892 brought to notice several occurrences in northern Herkimer 
county. The localities for diatomaceous earth in that section 
include Clear lake, Big Crooked lake, Hawk lake, Chub lake, Roilly 
pond and one or two unnamed ponds, which altogether hold an 
immense quantity of the material. The deposit in sight in White 


66 NEW YORK STATE MUSEUM 


Lead lake has been estimated at 100,000 cubic yards and that in 
Clear lake at about the same amount; the deposits in Roilly pond 
and Big Crooked lake, according to Mr Cox, may contain over 
1,000,000 cubic yards each. About 5 acres of the filled lake or 
Beaver meadow west of Big Crooked lake is said to be covered by 
a deposit from 2 to 12 feet thick, with an average depth perhaps 
of 3 feet. Overlying this bed is about 1 foot of soil and vegetable 
matter. The earth at all the localities consists of an aggregate 
of different kinds of diatoms, mostly of the unattached or free forms. 
The ponds and lakes came into existence after the retreat of the 
Pleistocene ice-sheet. 

According to F. J. H. Merrill, diatomaceous earth is present on 
the shore of Cold Spring Harbor, Long island, notably on property 
owned by Dr Oliver Jones. It is stated to be of fossil nature, as it 
occurs in beds that are regarded as Tertiary in age. 
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EMERY 


Conditions in the emery trade during the last year or two have 
encouraged the further development of the local supplies, and the 
output of the mines in the Peekskill district has assumed increased 
proportions, representing an important share of the emery available 
for consumption in this country. 

Aside from New York State, Massachusetts and Virginia contain 
emery deposits that possess, or have possessed commercial value. 
The deposits at Chester, Mass., once supplied considerable quan- 
tities, but have been inoperative for some time and may not enter 
the market again. Virginia has contributed smaller quantities from 
an occurrence near Whittle Station, Pittsylvania county, where, it 
is reported, operations were under way last year. The Peekskill 
deposits have been worked continuously for the last 20 years and 
were operated in a desultory manner:for an additional period of 
several years. Altogether they have yielded probably about 70,000 
tons, of which amount over one-half has been taken out in the last 
thebe years. 

The incentive for the recent growth of mining in the Peekskill 
district is to be found in the practical elimination of foreign emery 
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ores in the American markets. Ordinarily the home requirements 
are supplied mainly by importations of Grecian and Turkish emery, 
and the small amounts mined here are employed in admixture with 
the foreign ore which has come to be recognized as standard. The 
imports. in normal times from Turkey and Greece have averaged 
about 15,000 long tons: crude rock, worth from $r5-$20 a ton. In 
r9r6 they dropped to: 7512 tons ($102,459) and in 1ror7 to 650: tons 
($8875). 

The output of the Peekskill district, for the years for which statis- 
ties:are available, has been as follows: 


Production of emery in. New York 


YEAR SHORT TONS| VALUE 
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t will be seen that the output for the years 1916 and 1917 
measured up practically to the quotas formerly derived from abroad. 

Occurrence.. The Peekskill emery comes from the area of igneous 
rocks. southeast of that city, that collectively are known as the 
Cortlandt series. They include a variety of types, mainly of basic 
nature, such as diorite, gabbro, norite, peridotite and pyroxenite 
and altogether form a compact mass some 7 miles in east and west 
extent by 5, miles north and south. The well-known Mohegan 
granite lies on the northeast border and may represent an offshoot 
of the same parent magma, as has been suggested by C. P. Berkey.! 
The geology and. petrographic features of the area have been 
described in much detail by J. D. Dana, G. H. Williams and more 
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recently by G. Sherburne Rogers, the latter of whom also has given 
much information about the emery itself (see list of references at 
the end). 

The emery occurs as bands and irregular bodies within the 
igneous area and seems to be distributed without rule, though it 
tather favors the border zone than the interior of the mass. Most 
of the emery has been mined in the eastern part of the area, from 
the region northeast of Pleasantside and farther south near Dickerson 
pond and Salt hill. The farms of I. McCoy, J. H. Buckbee and 
Oscar Dalton contain some of the larger bodies hitherto uncovered. 
The ore is usually mined by open cutting and the work is carried 
on mostly by hand. No deep mining by shafts has been undertaken 
and there is very little mechanical instalation of any kind in the 
district. The ore as mined is roughly sorted according to its appear- 
ance and probable corundum content and hauled by truck to 
Peekskill for shipment. 

Character. There is a great variation in the character of the 
emery, aS appears from microscopic examination of samples and 
from results of chemical analysis. Rogers, who has made the most 
careful study of the ores, found that corundum constituted around 
50 per cent of the mass as maximum. The best ores contain little 
else than corundum and magnetite, which Rogers classes as ‘‘ pure ”’ 
emery. Spinel emery contains as additional ingredient to corundum 
and magnetite a green spinel identified as pleonaste. Feldspathic 
emery resembles the latter but contains plagioclase which may 
constitute one-third or one-half of the rock. In conjunction with 
the feldspathic emery occurs a quartz variety which Rogers terms 
emery schist and which carried 50 per cent or so of silica which 
in the other grades normally is limited to a few per cent. Sillimanite 
is a conspicuous ingredient of some of the ores, occurring in long 
bladed crystals that are really distinguishable in the hand specimens. 
It is a contact metamorphic mineral, no doubt resulting from 
inclusions of schist in the igneous rocks. The area is bordered 
mainly by Manhattan schist, and there are fragments of the latter 
that have been entangled and completely surrounded by the magma 
on its way toward the surface. 

It is from the inmelting of the aluminous-ferruginous schist that 
Rogers explains the origin of the emery ores. Through this action 
the magma became supersaturated with respect to these ingredients 
and consequently they separated out mainly as oxides. Another 
explanation possibly applicable is that the emery ores are segrega- 
tions of the igneous magma, without any material contribution 
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from outside, just as the titaniferous iron ores (ilmenite-magnetite 
mixtures) are believed to have originated in the gabbros and 
anorthosites. A small percentage of ilmenite is present in the 
emery. 
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FELDSPAR 


Feldspar includes several mineral species, of which the useful 
kinds are orthoclase, microcline and albite. Orthoclase and micro- 
cline have the same chemical composition, but differ in crystal 
properties; they are silicates of alumina and potash containing in 
pure state 64.7 per cent silica, 18.4 per cent alumina and 16.8 per 
cent potash. Albite is the soda variety with 68.7 per cent silica, 
19.5 per cent alumina and 11.8 per cent soda. Intergrowths of 
soda and potash feldspar are found which give practically all 
gradation in composition from the one extreme to the other; they 
are called perthite. 

The sources of feldspar for commercial purposes are so-called 
pegmatites, those coarsely textured rocks that occur in dikes and 
small bosses as an accompaniment of deep-seated intrusions. Granite 
pegmatite supplies most of the product and is a mixture of potash 
feldspar, quartz and mica; it differs from ordinary granite in the 
size and more irregular distribution of the minerals. If the inter- 
growth is only moderately coarse and the crystals average not 
more than four or five inches in diameter, too much labor will be 
tequired in cobbing and such deposits have value only in connection 
with crushing plants for the preparation of material for artificial 
stone, roofing gravel ete. In the coarser phases the quartz and 
mica may be elements of value as well as the feldspar. 

Pegmatites in New York State are limited in occurrence to the 
two areas of old crystalline rocks represented by the Adirondacks 
and southeastern Highlands. They occur in the vicinity of the 
larger granite intrusions but workable bodies are more often found 
on the border of such intrusions and within the old country gneisses 
and schists than in the midst of the granites themselves. They 
also occur in localities where ordinary granites do not outcrop, 
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but in this case they may be offshoots of some buried mass that 
were able to reach the surface on account of their more fluid condition. 

The Adirondack region is well supplied with pegmatites but they 
are by no means equally distributed. The great anorthosite that 
spreads over the eastern central part mainly within Essex county 
holds no occurrences of granite pegmatite although it contains 
abundant occurrences of coarsely crystallized labradorite feldspar. 
The main sources of feldspar in this region are on the east, south 
and west sides of the Adirondacks where there are many very large 
intrusions of normal granite. The western Adirondacks, particularly 
the section included in Jefferson, St Lawrence and northern Lewis 
counties, is known to include numerous bathyliths and bosses of 
granite that cover a larger portion of the surface than in any other 
part; the granites are mainly coarse varieties, rich in quartz and 
containing many segregated masses of pegmatite. The conditions 
thus appear very favorable for the occurrence of extensive bodies of 
pegmatites in that section, but the remote and inaccessible nature 
of much of the area has rather discouraged exploration. 

In the Highlands region and in Westchester county pegmatites 
are quite abundant, but only rarely reach workable dimensions. — 
The principal bodies that have been exploited up to the present 
time occur near Bedford, Westchester county. In the central 
Highlands there is much pegmatite and coarse granite in evidence 
usually pinkish or grayish in color, but there are no developed 
quarries. The pegmatites occur in. considerable bodies in the 
vicimity of some of the magnetite bodies. 

Uses of feldspar. Feldspar finds varied employment. The 
principal outlet for high-grade potash spar is in the pottery industry 
particularly in the manufacture of porcelain, semiporcelain, china 
tablewares and porcelain sanitary wares and electrical supplies. 
For such uses it is essential that the feldspar should be free of iron 
and that it also be practically unmixed with any other minerals 
except quartz, the presence of which is allowable up to a certain 
extent. Anything more than a mere trace of iron serves to exclude 
the use of spar for making high-grade pottery. The proportion of 
feldspar used in the vitrified wares varies from ro to 35 per cent; 
its use here is to bind together the quartz and kaolin, but it is also 
employed in the making of the glaze when this is required. 
Inasmuch as quartz is an essential ingredient of the pottery mix, 
the presence of quartz in the feldspar is not in itself objectionable, 
although some manufacturers of high-grade wares place a limit of 
five per cent upon the allowable free quartz. 
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Manufacturers of enamel ware, glazed brick and terra cotta 
consume considerable quantities of feldspar. In enamel ware the 
requirements are perhaps not so strict in regard to iron as in pottery 
manufacture, but the spar must be fairly free of quartz as the latter 
tends to raise the melting point. Among enamel ware and terra 
cotta manufactures a preference is occasionally shown for albite 
over potash feldspar owing to its lower fusing point. Little of this 
variety, however, is found in the New York pegmatites. Feldspar 
is used in the manufacture of opalescent glass. This requires a 
material of about the same quality as that for enamel ware, but 
may contain more quartz. 

A large quantity of feldspar is employed as abrasive, especially 
in the form of scouring soaps and powders. For that purpose it 
is ground to an impalpable powder. It also finds use in the manu- 
facture of abrasive wheels as a binder for the emery or carborundum 
with which the spar is mixed. 

Unsorted pegmatite when crushed finds sale among makers of 
prepared roofing in which it is employed as a surface coating with 
tar or some bituminous binder. 

The pegmatite is crushed to pea size or a little coarser and the 
feldspar by reason of its cleavage yields a flat surface that firmly 
adheres to the paper. Purity of the material is a subordinate factor 
and no effort is made usually to separate the different ingredients. 
The fine material resulting from the crushing is sold for use in 
concrete and grout and a small proportion of the coarser sizes finds 
- a market as poultry grit. Crushed pegmatite has recently come. 
into use in the preparation of artificial stone which is made to 
imitate granite and is cast in almost any form so as to require little 
or no tool dressing. 

Preduction. The production of feldspar in New York State 
during the past few years has averaged between 10,000 and 15,000 
short tons, inclusive of crude and ground feldspar and crushed 
unsorted pegmatite. The following table covers the period 1904-18 
in which statistics have been collected by this office. The figures 
as given comprise a few thousand tons each year of quartz obtained 
in connection with the production of feldspar at the Kinkel quarries 
jn Westchester county. 
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Production of feldspar and quartz 


YEAR SHORT TONS| VALUE YEAR  |SHORTTONS| VALUE 
TOOA Wee nan yee 9 747 | $28 463 1912 28 584 | $115 419 
TOOS St. Co, IQ 040 48 500 1913 25 680 113 765 
TQOG..2 seh ee teehee 15 292 44 350 1914 23 751 117 390 
MQ OZ sei ious scence al upsons 9 770 36 230 IQI5 22 19 93 152 
LQOS 2A) Naters SSE 16 413 68 148 1916 20 379 II5 311 
TOO sonia ANE An ea 16 111 52 444 1917 14 271 65 638 
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PRINCIPAL FELDSPAR OCCURRENCES 


Crown Point. One of the more important pegmatite deposits 
now quarried is owned by the Crown Point Spar Co.; it is on Breeds 
hill south of Crown Point village and a mile or so back from the 
shore of Lake Champlain and 500 feet above it. The body is a 
boss rather than a dike, having an oval or rounded outcrop, with 
a longer diameter that runs northeast-southwest. Its full dimensions 
have not been revealed but it measures several hundred: feet long 
and at least 300 feet in width. Feldspar occurs in two sorts, a 
pink potash variety and a greenish soda-bearing feldspar. It occurs 
in individuals up to 6 or 8 inches in diameter, but is more or less 
intermixed with quartz which is evenly distributed rather than 
segregated in large masses. Besides these minerals small amounts 
of biotite and occasional crystals of titanite, magnetite, zircon, 
tourmaline, pyrite, chalcopyrite and allanite are present. The 
pegmatite is now mainly crushed without sorting for use in making 
artificial stone, prepared roofing, etc.; formerly some pottery spar 
was sorted and ground separately. A biotite product may also 
be recovered. The crushed pegmatite is graded in six sizes, ranging 
from 23 mesh to very fine sand. The mill is situated at the base of 
the hill on the Delaware and Hudson railroad, and the rock is con- 
veyed from the quarry by an overhead tramway. 

Eight miles back of Crown Point on the road to Towner pond 
and three-fourths of a mile directly south of the latter, at an elevation 
of 1100 feet or more, is the Roe spar-bed actively worked 15 years 
ago as a source of pottery material. It is notable for the large size 
of the crystals which attain a cross section of 3 feet or more and 
are well segregated, so that a product low in quartz can readily be 
secured. Both potash and soda varieties are present, in about 
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equal proportions. Quartz is very subordinate and practically 
absent over considerable areas. There is little of graphic inter- 
growth. Of the iron-bearing silicates, biotite and black tourmaline 
are fairly common, but they are mostly localized in bunches and 
bands. The present quarry face is 75 feet wide and 50 feet high; 
it would appear that the body is a lens or stock having a north- 
easterly trend, but the outlines are not well-defined and the con- 
tinuity of the pegmatite to northeast is uncertain as a grayish 
gneiss intervenes on the line of strike at no great distance from the 
face. There is however a large supply of material still obtainable. 
The main drawback to operations appear to be the remote situation 
which entails a long haul over a rugged country. The occurrence 
is on the property of H. W. Willcox of Crown Point. 

Pegmatite apparently in a large mass outcrops on the road leading 
west from the south end of Penfield pond about due south of the 
preceding locality. It was noted by the writer several years ago 
but was not examined with reference to the quality of the materials. 
There are many occurrences in this section, notably in vicinity of 
Crane pond. 

Ticonderoga. About 2 miles west of Ticonderoga at the eastern 
border of the Adirondack Precambrian area is a large pegmatite 
deposit that has been quarried extensively by the Barrett Manu- 
facturing Co., principally for roofing material. The occurrence is 
similar to that at Crown Point, consisting of a lens of pegmatite 
with a longer axis running northeast, in Grenville gneisses, and 
the feldspar and quartz rather evenly distributed so as to be separable 
only with difficulty. The individual crystals measure 6 to 8 inches 
as a maximum: The principal dark mineral is biotite. Accessory 
tourmaline, garnet and iron sulphides are present. A mill equipped 
with crushers, rolls and screens is located at the quarry. The 
property has been idle during the last 2 or 3 years. 

Fort Ann. A pegmatite body 23 miles northwest of this place 
has yielded both pottery spar and quartz. A small mill for grinding 
quartz was operated at Fort Ann some 30 years ago, and the material 
was quarried at different places in the vicinity and near Whitehall 
and Port Henry. The pegmatite quarry was last worked by Domi- 
nick Ashley, a few years since. It is a lens about 75 feet wide in 
the middle and two or three times as long, outcropping at the base 
of a gneiss ridge of which the summit part is known as Putnam 
mountain. The wall rock is a biotite variety of gneiss that may 
be classed as Grenville. The quartz and feldspar masses reach 
-good size — 2 or 3 feet across — but there is considerable graphic 
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intergrowth of the two. Most of the feldspar has a grayish eolor 
and ‘belongs to the microcline variety. Alteration and ‘softening 
have taken place, with the formation of kaolin and ‘serictte and 
small amounts of serpentine. The quarry pit is 125 feet long and 
30 to 40 feet deep. 
_ (Chestertown. A muscovite pegmatite, in which the mica is 
abundant and of large size, is found 3 miles south of ‘Chestertown 
on the north side of a high ridge 14 miles east of the Warrensburg 
road. It has been worked on.a small scale for the mica, principally 
in two pits of which the larger is south of and higher up the ridge 
than the other and measures yo feet long by 1s feet wide. The 
full extent of the body is not revealed. 

Edinburg. Pottery spar has been obtained from a quarry on 
the farm of Adelbert Gordon, 2 miles north of Batchellerville, town 
of Edinburg, Saratoga county. The pegmatite outcrops at the base 
of a ridge which forms the steep eastern slope of the Sacandaga 
river valley, one-fourth of a mile east of the Day road. It has been 
worked in two pits. The minerals occur in coarse crystals, the 
feldspars attaining a length of fully 3 feet, but there is considerable 
graphic intergrowth. Most of the feldspar is a gray microcline, 
with subordinate amounts of a white variety which is probably 
albite. Muscovite is abundant in certain parts; it forms books 
and columnar crystals that measure a foot or more in diameter 
and from 1 to 1o inches thick, usually showing inclusions of iron 
oxides. Beryl is a common accessory constituent and attains 
unusual dimensions. The feldspar is of excellent quality. The 
main impediment to commercial operations is the long haulage; 
the nearest railroad point is Northville, some 8 miles distant over 
a rather difficult road. The Claspka Mining Co. opened the quarries 
in 1906. 

Corinth. An extensive body of medium-grained pegmatite exists 
about 3 miles southwest of Corinth station on the Adirondack branch 
of the Delaware & Hudson Railroad. It has.a width of 6o feet with 
a vertical range of 130 feet in the outcrop; it can be traced for 2000 
feet along the trend but not continuously. The feldspar and quartz 
are too intimately intergrown for the mining of a high percentage 
of high-grade pottery material, although the former is mostly a 
potash variety. There is more or less biotite present. The oecur- 
rence is well adapted for making crushed pegmatite. 

Mayfield. On the farm of Richard Tyrell, 3 miles west of Cran- 
berry creek, town of Mayfield, Fulton county, is a deposit once 
worked for pottery spar. The quarry has a face 50 to 60 feet wide 
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and over so feet high and shows a coarse pegmatite, with white and 
red feldspars in masses 3 or 4 feet across. The white variety which 
appears to be albite is predominant; this is one of the few occurrences 
in which the soda spar is in excess over the potash variety, the latter 
being usually much the more common. The iron-bearing minerals 
are biotite and tourmaline. The quarry offers favorable conditions 
for the extraction of seda spar which is in considerable demand for 
producing enamels and glazes on wares that are fired at relatively 
low temperatures. 

Undeveloped pegmatite bodies are found at several places in this 
vicinity. 

De Kalb. In the town of De Kalb, St Lawrence county, on the 
Rowland farm along the highway from Bigelow to East De Kalb, is 
an oecurrence of pegmatite that is made up almost entirely of feld- 
spar and quartz, no dark minerals appearing in the outcrop. The 
feldspar is perthite, or an intergrowth of the potash and soda, varie- 
ties in proportion of two or three parts of the former to one of the 
latter. The quartz is abundant, but by sorting much of the spar 
could probably be shipped as first grade. Individual crystals meas- 
ure up to 3 feet long. The absence of iron silicates is noticeable and 
adds to the value of the occurrence for quarry purposes. The prop- 
erty has recently come under development, and shipments of pottery 
spar have been made during the past two years to Trenton, N. J. 

Fine. Several deposits of pegmatite outcrop on the Fred Scott 
farm, 4 miles north of Oswegatchie, in the town of Fine, St Lawrence 
county. The feldspar is seldom free of admixture with other sili- 
cates. The occurrences are of interest mainly in connection with 
the well crystallized. minerals to be found in them, the different species 
including pyroxene, hornblende, titanite, fluorite, pyrite and chal- 
copyrite. There is an abundance of pegmatite in this and the 
adjoining town of Fowler where a coarse granite outcrops in force, 
and doubtless some may be found that has economic character. 

Kushaqua. About 4 miles from this place, in Franklin county, 
on the slope of Sable mountain is a pegmatite deposit that is reperted 
to be very large. Samples show that the principal feldspar is micro- 
cline of reddish color and somewhat stained by iron. It occurs in 
rough masses rather than crystals and is admixed usually with other 
silicates — hornblende, biotite and tourmaline. The body has been 
prospected but not actively worked. The occurrence is too remote 
to merit much attention at present, particularly as the run of spar 
is hardly of first quality. 
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Bedford. The largest shippers of feldspar for pottery and other 
purposes in the State have been the quarries in Bedford township, 
Westchester county. The Kinkel quarries, on the hill southwest 
of Bedford village, are among the largest of their kind and have been 
actively worked for many years. They include several large pits 
in a pegmatite mass or boss whose outlines and extent have not yet 
been fully revealed. A notable feature is the coarse crystallization 
of the component minerals which in the case of quartz and feldspar 
attain unusual sizes. There is some graphic intergrowth of the two, 
but as a rule they are well segregated and both feldspar and quartz 
products are obtained. The feldspar includes microcline which is 
sold for pottery use and albite of which there are two grades according 
to the amount of admixed quartz, the higher grade finding use for 
enamelling and the more siliceous quality for glass. The quartz 
by itself is used in wood fillers and silica paints. Beryl, tourmaline 
and several rare uranium minerals are found here. Muscovite 
occurs in large sheets but is badly fractured and not suitable for 
cutting. 

The Bedford Feldspar Co., a few years ago, opened a pit a few 
hundred feet north of the Kinkel quarries on the extension of the 
same deposit. The material is of the same character though contain- 
ing less quartz than parts of the older quarries. The company ships 
its product in ground form for tile, enamel and glass manufacture. 

The Bullock and Hobbey quarries are in the same section of West- 
chester county, but about 2 miles south of the former locality. The 
Bullock is west of the Hobbey and like the latter is based on a dike 
with a northeasterly trend. The pegmatite shows a high degree of 
mineral segregation, with little intergrowth of the quartz and feld- 
spar, and the product largely is no. 1 grade, of which microcline 
constitutes two-thirds and albite one-third approximately of the 
total. The quarry face is 30 feet wide. At the Hobbey quarry 
the body is considerably larger, and the quarry opening is fully 100 
feet wide. The feldspar here is likewise well segregated; individual 
masses 10 feet across are found. 
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FLUORITE 


There is no active mining of fluorite at present anywhere in the 
State, although it occurs in one or two places in considerable and 
possibly economic quantity. The mineral, the fluoride of calcium 
(CaF2), has several important uses. The main purpose it subserves 
is as a flux, being much more active chemically than the other cal- 
cium compounds. Perhaps the largest single consumer is the open- 
hearth steel industry, but it is also employed to some extent in the 
shaft furnace and in the refining of certain base metals. The reduc- 
tion of aluminum from the oxide is carried out in an electric furnace 
in a bath of fluorides, of which fluorite supplies the essential element. 
The manufacture of opalescent glass, enameled ware and hydro-fluoric 
acid calls for further quantities. A very limited but important use 
is in optics which requires clear transparent crystals of the mineral. 

Fluorite occurs in association with certain magnetite deposits of 
the Adirondacks. It was found by the writer some years since in 
the examination of the Palmer Hill deposits as a component of the 
wall rock in contact with the ore and to some extent as a gangue of 
the latter. The main body of fluorite rock is to be seen in the hang- 
ing wall of the Big pit where it is traceable for 150 feet or more and 
contains from a few per cent up to 50 per cent of the mineral. The 
tock resembles the ordinary country rock in appearance, having a 
fine, even-grained texture, not pegmatitic, and the fluorite would 
readily be confused with quartz at first sight. The grains, of a 
fraction of an inch in diameter, are intermixed with pink feldspar 
and magnetite, with varying amounts of quartz. By increase of 
magnetite the wall rock grades into the commercial magnetites. 
If mining is resumed at Palmer hill, as seems not unlikely in view 
of the resources still in existence there, the recovery of fluorite as a 
by-product in concentration of the magnetite would appear feasible. 

In the Barton hill section of the Mineville district fluorite occurs 
aS a minor ingredient of the magnetite ores in restricted areas. It 
can be seen in the roof and walls of the present tunnel in the vicinity 
of the old workings called the Lovers hole. Wherever it occurs the 
magnetite appears as brilliant lustrous grains and crystals, which 
readily separate under slight pressure. The presence of the fluorite 
seems to have aided the segregation and crystallization of the mag- 
netite. No mention was made of the fluorite in the early accounts 
of mining on Barton hill and its presence seems to have been ignored; 
the ore, however, is said to have behaved peculiarly at times in the 
furnace, for which the powerful fluxing qualities of this ingredient 
may have been responsible. 
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Other occurrences of fluorite that have been noted are mostly 
small veins in limestones. Whitlock + mentions the following as: of 
economic or mineralogic interest. At Macomb, St. Lawrence county; 
a small vein in limestone yielded about 15 tons. of finely crystallized 
fluorite of sea-green color. At Muscalonge lake, Jefferson. county, 
a. vei was: worked on a considerable scale about 75 years ago. The 
locality is on the east shore of the lake about 4 miles. northwest of 
Oxbow. Another vein is found on Vrooman’s lake about 2 mules 
east of the latter locality. Other occurrences in this general region. 
are at the lead mines of Rossie and: Mineral Point, and:in the towns: » 
of Hammond) Fine, Gouverneur, De Kalb and Theresa. Elsewhere 
fluorite has been noted as occurring at Lockport and Rochester in 
the Niagara limestone, at Fayetteville, Onondaga county, Lowville, 
Lewis: county, and Johnsburg, Warren county. 

The veins associated with limestones are the main sources. of 
supply for fluorite in general, but those in New York are hardly 
substantial enowgh to warrant mining under existing conditions. 


FULLER’S EARTH 


This material was formerly obtained in New York but has not 
been reported among the mineral products for several years past. 
It oecurs at a single locality, so far as known, and the deposits seem 
to be rather meager to be workable under existing conditions. The 
following account of the occurrence is quoted from the volume by 
Prof. H. Ries’ on ‘‘ The Clays of New York.” 

“Tn New York, deposits of fuller’s earth occur at a locality known 
as McConnellsville, r2 miles north of Rome on the Rome, Water- 
town & Ogdensburg railroad. The deposit has been worked for 
several years by the New York Fuller’s Earth Co., and is a fine- 
grained, dense, Quaternary clay in layers 2 to 8 inches thick, inter- 
bedded with layers of sand of equal thickness. The total thickness 
is about 1s feet, and there is a capping of about 4 feet of sand. To 
mine the earth, the overlying sand has to be stripped off and the 
layers of fuller’s earth taken off one by one, and spread in the sun 
to dry, the racks being movable, so that they can be shoved under 
cover in stormy weather.- Thus far this fuller’s earth has been used 
only for cleansing woolen goods, and it has been shipped to several 
factories in New York and neighboring states. A second mine of 


1N. Y. State Geologist 23d Ann. Rep’t, 1903, p. 187-88. 
2N. Y. State Mus. Bul. 35, 1900. 
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the same material has been opened on an adjoining farm by M. A. 
Penfield. The New York material has thus far not been used for 
clarifying purposes, and it is doubtful if the deposit from MeCon- 
nellsville will prove to be suitable for this purpose.” 

Tests in the laboratory indicate that the earth has not a strong 
decolorizing action on mineral oils, as compared with some of the 
southern earths. The application of fuller’s earth to oil refining 
has become of much more importance than of cleansing wool, -so 
far as the actual consumption is concerned. Very little of the 
domestic material is now used for the latter purpose, and the require- 


ments are mainly imported. Fuller’s earth also finds a limited 


outlet in the manufacture of pigments, as a substitute for talc, and 
as a reagent for food analysis. 

The properties of fuller’s earth are much like those of ordinary 
clay. It usually lacks the plasticity of clay, is more adhesive when 
touched with the tongue, and also absorbs water until it crumbles 
and flows. Practical tests are necessary to establish the commercial 
value of any particular sample. Chemical analysis shows that the 
earths from different localities have a wide range of composition 
which is without much significance as to their valuable properties. 


GARNET 


Conditions in the abrasive garnet industry have undergone no 
great changes recently as a result of the unusual trade developments. 
Some branches of the abrasive trade, however, experienced extensive 
readjustment owing to the curtailment or failure of supplies of ‘the 
necessary raw materials which hitherto had been drawn more or 
less from foreign sources. The garnet business, however, being 
largely an American industry, was exempt from any disturbances 
of this character, and consumers were able to get plentiful supplies 
at prices a little above the average of previous years. 

The use of garnet as an abrasive has obtained a firm foothold in 
this country, but strangely enough its value in that line has not 
been recognized to any extent abroad. The only foreign mines of 
any importance, so far as present yield is concerned, are those in 
Spain from which a few thousand tons of garnet have been obtained 
in recent years. This garnet finds little market in the European 
countries, but practically all of it is shipped to ‘the United States 
for manufacture. Abrasive garnet has its own special functions and 
does not enter into competition with other abrasive materials to 
any extent, its employment being particularly in the woodworking 
and leather manufacturing industries. 
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Use. The utility of garnet as an abrasive depends upon the 
combination of several qualities, particularly hardness, toughness, 
cleavage or fracture, and the purity of the mineral. The varieties 
of garnet recognized by the mineralogist, of which there are a number 
that bear specific names, differ among themselves in respect to these 
qualities; this is true also to an important degree for the same kind 
of garnet in samples from separate occurrences. Almandite is the 
variety mostly used for abrasive work and ordinarily has a hardness 
on the mineralogists scale of 7 to 7.5. Itis thus harder than quartz, 
but not so hard as corundum. From tests of the Adirondack alman- 
dite in the crystal form it would appear that the hardness may even 
exceed the degree indicated, as it has been found in certain instances 
to range from 7.5 to 8. Toughness has a direct bearing upon the 
service that may be expected from an abrasive, especially when 
used under pressure. A material may be hard but too brittle or 
too crumbly to stand up under heavy duty. The crystallized alman- 
dite has great strength and lasts well when used on abrasive 
machines. 

Much of the Adirondack garnet has an imperfect cleavage, evident 
on crushing the crystal by the appearance of particles with one or 
more plane surfaces, but rarely with complete boundaries of that 
kind. Such parting, as it is called to distinguish it from cleavage 
proper, is an advantage if not so well developed that the mineral 
breaks down too easily; the planes supply sharp chisel-like cutting 
edges that make the garnet very effective on moderately soft 
materials. 

The impurities that are commonly associated with garnet are 
mica, chlorite and hornblende. They reduce the strength of the 
garnet and also its cutting powers. Color is not a criterion of 
quality, but abrasive manufacturers express a preference for the 
true garnet red which shows up better on abrasive papers than the 
paler sorts. It is important that the crystals as they occur in the 
tock be large enough to stand the effects of the crushing and sepa- 
rating operations and still yield the necessary assortment of sizes. 
With small crystals the result of milling is to produce an excess of 
the fine sizes. A garnet rock with very small crystals would hardly 
afford a basis for commercial production, no matter how rich it 
might run in the mineral. 
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SCALE of MILES 


The North River garnet district 


Occurrence. The active mines in the Adirondack region in the 
last two years included those worked by the North River Garnet 
Co. at Thirteenth lake, by H. H. Barton & Son Co. on Gore moun- 
tain near North Creek, and by the Warren County Garnet Mills 
neat Wevertown, all in Warren county. As heretofore, the largest 
operations were carried on by the North River Garnet Co. who 
worked an open quarry in a great body of garnetiferous gneiss. 
The rock is perhaps a metamorphosed igneous rock allied to the 
syenite group, which is so abundant in the eastern and northern 
Adirondacks. The garnet occurs in the form of rounded grains and 
occasional crystal particles which range from a fraction of an inch 
to 4 or 5 inches in diameter. It has a dark red color and belongs 
to the almandite variety. The extraction of the garnet from the 
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matrix is performed by mechanical methods. After the rock is 
blasted in the quarry, it is loaded by means of a steam shovel into 
cars and is then transported to the mill, which is situated on the 
hillside below the quarry. The rock is there broken and crushed to 
a size which releases the garnet particles and then goes to jigs of 
special design. These effect a separation of the garnet and the 
accompanying gangue minerals of which hornblende and feldspar 
are the principal representatives. Inasmuch as the garnet and 
hornblende vary in specific gravity by less than one-half of a unit, 
careful work must be done to produce a garnet concentrate that is 
measurably free from foreign admixture, but the separation is per- 
formed successfully. The garnet from this locality has a darker 
color than that from the other mines now under operation and can 
be readily distinguished by that feature. 

At the Gore mountain locality the garnetiferous material is con- 
fined to a long narrow band which possibly represents an altered 
dike of gabbro or an inclusion of Grenville gneiss in the country 
syenite, since it consists largely of hornblende and stands out prom- 
inently from the surrounding rock. The deposit is of much more 
limited extent than that at Thirteenth lake, but on the other hand 
contains a much higher percentage of garnet. This mineral occurs 
in rounded masses and aggregates, some of which attain great size, 
that is,.2 or 3 feet in diameter, and weights of a thousand pounds 
or more. The garnet masses are really crystals that have been 
subjected to powerful compressive strains which have resulted in 
its fracture into small angular particles, and when a mass is exposed 
in the quarry the garnet can be readily extracted by hand picking 
which is the method employed. The garnet from this locality, as 
well as that from Thirteenth lake, when crushed always yields one 
or more smooth surfaces which represent the parting planes charac- 
teristic of crystallized garnet. ; 

In the occurrence near Wevertown the garnet is found in some- 
what different association than that described. It consists of a 
light red garnet of granular habit intergrown or intermixed with 
green pyroxene, the two minerals together constituting the rock 
mass. In places the garnet may occur practically pure so as to 
form larger or smaller bodies by itself. When broken it rarely 
exhibits the parting, but shows a granular habit, the particles having 
irregular boundaries. A similar occurrence was worked for a while 
in northern Essex county near Keeseville, and there the garnet- 
pyroxene rock was clearly the result of contact metamorphic influ- 
ences upon Grenville limestone. A small product has been obtained 
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from the Wevertown quarry in the last few years by the Warren 
County Garnet Mills. 

The Crehore mine is the only other property in this section that 
has supplied any considerable production in recent years. It lies in 
the same district with the preceding occurrences but is in Essex 
county just north of the county line and about 5 miles northwest 
of North River on the Indian Lake road. The garnet is found in 
a band of hornblende gneiss which outcrops on the shoulder of Casey 
mountain just north of the highway. The exposure measures 40 
feet or so in width and the band is said to be traceable for about 
2000 feet. The garnet crystals measure 6 te 8 inches in maximum 
diameter. The matrix contains a large proportion of black horn- 
blende and is somewhat like the Gore mountain garnet rock. The 
American Glue Co. has worked the mine at intervals for supplying 
some of its own requirements; up to the present time the product 
has been obtained by hand picking and cobbing. The company 
has plans under consideration for a mill to separate the garnet 
mechanically and with its facilities will be able to operate the prop- 
erty on a larger scale. 

Another locality for garnet in this section is on Cven mountain, 
4 miles south of North Creek, where some garnet was taken out 
20 years or more ago. The occurrence is reported by W. J. Miller 
(see references at end of article) to resemble that on Gore mountain, 
consisting of a long narrow band of dark hornblende rock inclosed 
by syenitic gneiss. There has been a little work done on the Rexford 
property, about 1 mile south of North Creek. 

Gutside of the North Creek district the production of garnet 
has not been important although a number of occurrences have 
tecetved more or less attention. The American Garnet ‘Co. for a 
few years operated a deposit in northern Essex county, a few miles 
south of Keeseville on the Clinton county border. The garnet 
occuts in the form of rock in places almost free of admixture but 
usually containing a proportion of green pyroxene and belongs to 
the massive variety. It is inclosed within anorthosite, representing 
a band of Greenville limestone caught up and metamorphosed during 
the intrusion of the igneous rock. The product was sorted by hand 
and marketed in lump form, most of it bemg shipped abroad. The 
mining operations were ‘suspended with the outbreak of the war. 

About 3 miles north of Gouverneur, St Lawrence county, a body 
of garnet rock occurs that was worked for a time by Amasa Corbin. 
The garnet is in small grains not more than one-fourth of an inch 
in diameter as a rule, plentifully sprinkled through a green quartz- 


84 NEW YORK STATE MUSEUM 


feldspar gneiss that probably belongs to the Grenville series. The 
garnet has a granular habit and breaks with an irregular fracture. 
It would appear to be too fine to be available for general use, since 
after crushing and extraction the product is practically all of the 
smaller sizes. } 

Production. The shipments of garnet from the Adirondacks in 
1917 were 4786 short tons, with a value of $193,440. In 1918 
the shipments amounted to 4126 short tons valued at $232,661. 
The total of 5840 short tons ($198,200) for 1916 set the record for 
the Adirondack mines. 


Production of garnet in New York 
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Considerable importations of garnet have been made in recent 
years for use by American abrasive manufacturers. In 1917 the 
imports were valued at $14,456, tonnage not stated, and were all 
entered at the port of New York. In 1918 no imports of garnet 
were reported. The imported mineral comes from Spain where it 
is said to be obtained from river sands and not from rock. It has 
a fine grain and can not be substituted for all the purposes that the 
domestic garnet serves, although it has a limited use. 

Garnet was first produced in the Adirondacks on a commercial 
basis about 1882. The earliest operations were on Gore mountain, 
in connection with the Rogers mine, the richest and in some respects 
the most remarkab e of the deposits so far developed. The output 
in the first few years did not amount to more than a few hundred 
tons annually... By 1893 it had grown, however, to 1475 tons, as 
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is recorded by the Mineral Industry for that year. The next devel- 
opment of importance took place at the Hooper Brothers mine where 
the first use was made of mechanical separation for producing 
garnet concentrates. The mine and mill were located just west of 
North River in the town of Minerva, Essex county. The enterprise 
was abandoned after a time and mining started at the locality on 
Thirteenth lake, which is operated by the North River Garnet Co. 
with F. C. Hooper as president and manager. 
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GRAPHITE 
BY HAROLD L. ALLING 


Graphite has been mined more or less extensively in the State 
since about the middle of the last century. The earliest operations 
probably were in connection with the Lead hill deposits near 
Ticonderoga which were mentioned in the reports of the First Survey 
published in 1842 and which in the next decade were under operation 
by an enterprise that eventually became the American Graphite Co. 
which is still in existence. The mines of Lead hill (also known as 
Chilson hill) were based on occurrences of crystalline graphite within 
contact zones produced by a coarse granite that were of rather 
sporadic character; later operations were transferred to the dissemi- 
nated type of deposits in which graphite occurs evenly distributed 
through the mass of a quartzite or quartz schist, and these have 
since been the main source of supply. 

General features of occurrence. The geology of the graphite 
deposits has been the subject of a careful investigation which is 
the basis of a report recently issued by this office (see list of 
references). The investigation has established the fact that the 
commercial deposits are found within the Grenville series of ancient 
metamorphosed sediments. The deposits are practically restricted 
to a stratum of quartzite or quartz schist that ranges from 3 to 30 
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feet in thickness. The bed and associated strata are traceable | 
from neat Lake Champlain west to Johnsburg in Warren county, 
a distance of 25 miles, and from the town of Hague, Essex county, 
south to Saratoga Springs, a distance of 4o miles. The graphitic 
rock does not occur as a continuous belt but in more or less isolated 
patches which represent the broken and eroded remnants of what 
were once probably continuous beds. The rock has been folded 
into anticlines and synclines, injected by various igneous rocks and 
faulted and dissected so that its present distribution is irregular. 

In most of the deposits the graphite rock has the characteristics 
of a quartz schist. The average composition of the schist is about 
60 per cent quartz, 20 per cent feldspar, 6 per cent graphite, 3 per 
cent pyrite and 3 per cent mica, with accessory minerals of smaller 
amounts. The foot wall of the bed is usually a feldspathic quartzite 
which in some places may contain more or less garnet, as instanced 
by the foot wall of the American mine at Graphite. Below this is 
hornblende schist or amphibolite. On top of the graphite rock and 
in some places interbedded with it as well is crystalline hmestone; 
the limestone, however, is frequently absent in the graphite localities 
-in the eastern part of the Adirondacks. Lying above the limestone 
is a thick bed of quartzite. 

Mining. The graphite rock seldom occurs in such position that 
it can be worked to advantage by open cut methods. The deposits 
are thin as compared with their length and breadth and usually 
have a heavy cover. The seams are tilted horizontally at angles 
ranging from 5° to 10° up to verticality, and rarely follow a uniform 
dip for long distances underground but roll and pitch after the 
manner of folded beds. Mining consequently ‘has to be carried on 
underground, although at the outset the exposed edges of the 
schists may be attacked by open cut methods if the rock is not too 
badly disintegrated by weathering which not imfrequently is the 
condition owing to the presence of pyrite. Underground the beds 
are followed by inclines sunk on the foot wall, the angle of the mclme © 
conforming with the dip. On either side of the incline the rock is 
mined out in great chambers to the height of the bed. ‘No timber 
is used and the pillars are usually placed wide apart as the roof is 
strong. Except for the variable dip of the beds which complicates 
the mining operations to some extent the conditions are favorable 
for economic working. 

Separation. Various methods for the extraction of the graphite 
from the gangue have been practised in the Adirondacks but most 
of the mills have been designed for a wet process in which the mam 
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dependence is put upon the buddle. The rock is broken by crushers 
and then further reduced by rolls or stamps until the graphite flake 
is in free form. The crushed material is then sent in launders to 
the buddle which is a cylindrical tank 16 or 18 feet in diameter and 
33 or 4 feet deep. As the material is discharged into the buddle 
it undergoes gentle agitation so that the graphite flakes are carried 
to the outer edge owing to their buoyancy while the granular 
minerals collect within the interior zone. A second or even a third 
treatment may be required to make a fairly clean graphite product. 
After the separation the graphite is screened in order to eliminate 
more of the impurities and is then dried. 

Within the last year the practice of the Adirondack mills has 

been completely changed by the substitution of oil flotation for the 
buddle. In the mill of the American Graphite Co. at Graphite, 
callow cells have been introduced and are reported to be giving 
good satisfaction. The flotation process, according to accounts, 
effects an increased saving of the graphite and reduces the amount 
of mica admixed with the product. This process has also been 
introduced in the plants of Hooper Bros. and of the Graphite Products 
Corporation. 
i Production. Interest in the production of flake graphite assumed 
unprecedented proportions last year. This was brought about by 
the scarcity of high-grade crystalline graphite in the domestic market 
owing to the curtailment of available shipping which interfered with 
‘the importation of Ceylon and Madagascar graphite and to embargoes 
placed upon the importations by the English and French govern- 
ments for a period of 3 months. An abnormal demand for crucibles 
in the manufacture of alloys and alloy steels stimulated the market 
and brought about an increase of prices to nearly double the previous 
figures. 

The New York mines did not register any important gain in 

_ the production of graphite in spite of the favorable conditions of 
the market, and the output for 1917 of 2,941,040 pounds valued at 
$261,548 and in ror8 of 3,266,518 pounds valued at $273,188 were 
only about the average quotas for the mines. The failure of the 
companies to respond to the stimulating conditions may be accounted 
for by the changes and improvements in progress in the mining and 
milling plants. 
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NOTES ON ADIRONDACK GRAPHITE DEPOSITS 


The American mine. This is the oldest Adirondack mine now 
engaged in active production, having been continuously operated 
for about 35 years. The graphite schist is being worked at two 
outcrops which are due to repetition of the same beds by faults. 
Most of the mining heretofore has been done in the northwestern or 
main deposits which are traceable to the limits of the property, 
a distance of one-half of a mile. The workings are entirely under- 
ground and follow the dip of the bed to the southeast a quarter of 
a mile. The graphite bearing rock here occurs as two distinct beds 
separated by the garnet bearing paragneiss. The lower one, the 
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thicker of the two, is the one chiefly mined. The two beds are 
exposed on the other side of the fault while the Summer pit is located 
in the upper stratum. Considerable ore has been removed along 
the strike, but less along the dip as the line of the company’s property 
is close by. The dip of the bed averages about 25°, but it frequently 
increases locally to 25° or even 45°. During the past year the 
American Graphite Company has not been operating at full capacity, 
being engaged in diamond drilling for exploratory purposes. 

The Faxon property. The adjoining property held by William H. 
Faxon is still undeveloped, although more or less explored. The 
same geological conditions prevail on the Faxon property as on the 
former. Two main workable areas are available, one is the continua- 
tion of the main bed of the Dixon ore, the other is the Summer 
bed where it occurs on what is known as the Wheeler lot. The ore 
is frequently cut by minor faults. The supply of ore on this property 
is undoubtedly very large and the local conditions are favorable 
for mining. 

The Graphite Products Corporation. This company is operating 
a deposit 4 miles north of Saratoga where the graphite schist outcrops 
as two parallel strata due to repetition by step faulting. The rocks 
strike east and west and dip 32° to the south. The northern outcrop 
is the only one now being worked, the ore being quarried. There 
is a mass of metamorphosed gabbro and a diabase dike that interrupt 
the beds and cut across the graphite member. Concentration is 
accomplished by buddles, tables and screens. Hooper air jigs are 
employed in the refining process. The ore reserves of this property 
seem to be extensive. 

Hooper Brothers. Another recently developed property is situated 
2 miles west of South Bay of Lake Champlain and appears to be 
a promising enterprise. The bed of ore outcrops on the face of a 
steep cliff where both open-cut and underground methods are 
employed in extracting the schist. The ore is hoisted by cable cars 
into a mill located on top of the ridge where the usual method of 
concentration is practised, although considerable changes in equip- 
ment are being made. 

Flake Graphite Co. A comparatively new-comer in the field is 
the Flake Graphite Co. The mine is situated 2 miles west of Porter 
Corners and 8 miles west-northwest of Saratoga. The geological 
conditions prevailing at this locality are very similar to those 
obtaining on the property of the Graphite Products Corporation. 
In fact it occurs in another portion of the same block of Grenville 
strata. Here isoclinal folding characterizes the locality. Mining 
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is confined to inclines and slopes extending 200 feet down the depth 
to the south on the face of the ridge. This company did not produce 
any graphite last year, but was engaged in development) work. 
There is considerable ore in sight. 

Pope Mills Graphite Co. This concern located near Pope Mills, 
St Lawrence county, reported a small production of both crystalline 
and amorphous graphite. The graphite bearing stratum here carries | 
amounts ranging about 25 per cent, much of which is amorphous 
in character. Evidently the metamorphic agencies were less pro- 
nounced in the northwest Adirondacks in comparison with the 
eastern area. 


¥, 

ee. 

Tie 
oe 
on: 
4, ay. 
Cr] 
Fee: 


Ew 


i@SRRRaaee! 
ISGesauhew 


v 
ESS SY ENITE-GRANITE “On t cnaearme sania 
eeeee META-GABBRO {iii || CATAMOUNT scHIST 


[oss] PARA-AMPHIBOLITE riz] SANDY QUARTZUTE 


Vertical section of the Bear Pond Mountain region, showing. the isoclinal 
folding of the Bear Pond schist and associated rocks 


Bly property. This property is Seed in. the township of 
Ticonderoga on the northern slopes. of Bear Pond. mountain and. 
presents some rather promising features. The writer believes that 
the ore on this property is a stratum higher up in the geological. scale 
than the graphite bed displayed at the other properties in the eastern 
Adirondacks. The Bly ore is a feldspar-quartz-biotite-graphite 
schist. The beds have been isoclinally folded so that the outcrop 
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follows a Z-shaped line on the map. The amount of graphite in 
the ore averages about 6% per cent. 
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GYPSUM 

This industry has grown rapidly in recent years. For a long time 
gypsum was produced only for agricultural purposes, the rock 
. being ground to a powder and sold under the name of land plaster 
as a soil amendment. The usual output of the local quarries and 
mills engaged in the business was around 30,000 tons a year, but 
showed little tendency toward expansion. In fact with the increased 
use of ground limestone and lime in agriculture, which has been 
promoted recently by a general propaganda of government and 
local agricultural organizations, the consumption of ground gypsum 
has fallen off in competition with the cheaper material, although 
it is not certain that the limestone fulfills entirely the function of 
gypsum as a beneficial agent. 

The growth of the industry has come about through the introduc- 
tion of calcined plaster manufacture in the local field, supplemented 
by the large demand for raw gypsum that has developed out of the 
portland cement business which has shown a remarkable gain in 
the last few years. 

The first attempts to make commercial use of the local deposits 
are reported as having been undertaken in the period from 1810 
to 1820 when small quarry operations were carried on in the town 
of Sullivan, Madison county, and in the town of Camillus, Onondaga 
eounty. This product was employed locally for agricultural purposes. 
With the building of the Erie canal a wider market was opened for 
the material and quarries were soon established at other localities, 
within the central and western parts of the Salina belt which contains 
_the workable beds. Union Springs, Seneca Falls, Phelps, LeRoy 
and Wheatland are some of the places that were early identified 
with the industry. 

In 1843, according to the geologists of the first survey, the output 
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was about 33,000 short tons, which figure was rarely exceeded 
during the next 50 years. Practically the entire product was 
used in agriculture. The first definite impulse toward an 
enlargement of the industry came in 1893 when the application 
of gypsum to plaster manufacture was successfully inaugurated at 
Oakfield. The amount reported under that form for that year was 
only 75 tons, as compared with 33,781 tons sold in crude condition. 
In 1899 the quantity employed in calcined plaster exceeded that 
of all other uses combined. The trade in crude gypsum as a cement 
retarder began to assume importance about 1905 when 34,095 tons 
were reported as sold in lump form, nearly all of it doubtless going 
to portland cement makers. In the same year the calcined plaster 
output was 130,268 tons, and the production of agricultural plaster 
was 19,815 tons. 

The present status of the industry is indicated by the following 
table for the years 1916, 1917 and 1918. It is to be noted that 
the figures for calcined plasters in the last item of the table represent 
the product obtained from gypsum quarried within the State and 
is exclusive of any materials made by calcination of imported gypsum. 
There are a number of mills which customarily import more or less 
of the crude rock, although in the last year or two importations 
have not been made as freely as heretofore owing to the high cost 
of shipment. Most of this imported gypsum has come from the 
Maritime Provinces and has been used in mills located along tide 
water, i. e. the lower Hudson and New York bay. 


Production of gypsum in New York 
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The mine output of 606,268 tons in 1917 set a new mark for this 
State which maintained itself well in the lead among the producers 
of gypsum and its products. The gain was brought about by 
increased shipments of crude rock, that is in the gypsum sold to 
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portland cement mills; the product of calcined plasters and of land 
plaster each showed a slight decrease as compared with the returns 
for 1916. The 1918 output at the mines of 531,038 short tons is 
a decrease of 75,230 tons from the 1917 production, but with the 
higher prices obtained shows an increase in value of the products 
sold of $633,279. 

Uses. Recent experimental tests with gypsum in agriculture 
have revived interest in the use of land plaster, indicating that 
it has a positive fertilizing value for some crops, notably grains, 
grasses and legumes. Its principal function is as carrier of sulphur, 
which enters into the structure of many plants in proportions com- 
parable to those of phosphorus, the basis of most prepared fertilizers: 
Gypsum also improves the mechanical condition of soils and effects 
certain beneficial chemical reactions. 

Portland cement manufacture calls for about one-third of the mine 
product of the State. For this purpose the rock is crushed to small 
size, usually through one-half inch mesh. About two per cent is 
added to the clinker as it comes from the rotary kilns and is ground 
with it. Its function is to delay the set of the cement. The demand 
is for a high-grade gypsum, and sales are made on the basis of the 
sulphuric acid content. 

The major portion of the mine product is calcined into stucco» 
usually in plants operated by the mining companies. The stucco 
is admixed with a small amount of retarder and some fiber like hair 
or shredded wood and becomes hard wall plaster. Such plasters 
are harder and attain their final set much quicker than lime plasters. 
A constantly increasing proportion of stucco is being converted 
into such materials as plaster board, wall board, blocks and tiles, 
the manufacture of which is one of the recent developments that 
seems to promise most for the future of the industry. Plaster 
board and wall board are sheets of stucco lined on either side with 
paper and designed to be applied directly to the studding, without 
the use of lath. Wall board requires no coat of plaster to give a 
finished appearance. Plaster board if applied to inside walls is 
given a single coat, but it is also used on the outside for sheathing 
and as lining in the place of lumber. Gypsum block and tile are 
made in a variety of sizes and shapes, taking the place of clay articles 
in fire-proof construction for floors, partitions and roofs. 

Occurrence. The supply of gypsum is obtained from a single 
series of deposits which is confined to the Salina stage of the 
Silurian system. The main occurrence of the Salina strata is repre_ 
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sented by a belt that stretches east and west from the town of Knox, 
Albany county, to the Niagara river at the western border whence 
- it continues into the province of Ontario, Canada. The belt is 
thus about 250 miles long; in width it varies all the way from less 
than a mile to 20 miles wide. The maximum width, as well as 
thickness of the strata, is attained in central New York in Onondaga 
and Cayuga counties. The strata have a low dip (averaging about 
50 feet to the mile) to the south, which carries them under the 
higher members of the Silurian and of the Devonian rocks that 
spread over the area lying between the Salina and the Pennsylvania 
state line. 

The Salina strata consist of shales, limestone, rock salt, anhydrite 
and gypsum. The uppermost layers are usually argillaceous lime- 
stone, to which the name Bertie waterlime is given. The rock 
forms a capping for a large body of shale, with intercalations of 
limestone bands, known as the Camillus shale, usually drab in 
color. It is in this formation, and commonly within 1oo feet or 
so of the top that the gypsum beds occur. The total thickness of 
the shale and gypsum probably reaches 300 feet in central New 
York. Below the Camillus lies the rock salt which has been traced 
from Madison county west to Erie county, and the red Vernon 
shales which are the thickest member of the Salina, attaining about 
500 feet in the vicinity of Syracuse. The horizon of the salt can 
not be determined accurately with reference to the gypsum, since 
the beds do not extend to the outcrop and few of the drill records 
in the salt district make any mention of gypsum or the related 
mineral anhydrite. It appears probable, however, that the interval 
is a variable one and may range from 50 to.200 feet or more in 
different places. 

The Camillus formation in western New York holds an important 
calcareous element, particularly in the upper roo feet which is largely 
composed of thin-bedded magnesian limestones, scarcely different 
in appearance from the Bertie layers above. The gypsum is asso- 
ciated with these limestones in seams arranged parallel with the 
bedding. A foot or two of gypseous shale, so-called ‘‘ ashes,’ usually 
accompanies the deposits, most commonly lying above in imme- 
diate contact with the gypsum. It weathers rapidly and conse- 
quently makes a poor roof. It looks more like a residual product 
of the limestone beds than a true shale and seems to diminish or 
disappear in the deeper zone. A section of the gypsum beds, showing 
the characteristic order, is here given from the Akron district. 
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Gypsum favors the superficial zone where water circulates readily 
and most of the mines consequently are wet. As the beds deepen 
toward the south on the dip and become covered by the Devonian | 
formations, the gypsum gives way to anhydrite, the material 
commonly encountered in all deep borings and in the salt shafts and 
wells several miles south of the Salina outcrop. The change from 
gypsum with its content of 20 per cent or so of combined water to 
the water-free and commercially worthless anhydrite takes place 
quite abruptly, an increase of 10 feet of depth often marking the 
complete passage from the one to the other. In mining, it is of 
course useless to follow the seam beyond the limit marked by the 
appearance of anhydrite in quantity. | 

As a guide to the occurrence of gypsum in the field the outcrop 
of the cherty beds of the Onondaga serves best, since it is usually 
indicated by a sharp break in the topography or by a line of cliffs, 
whereas the softer Camillus shales that lie below rarely are indicated 
by topographic changes. The outcrop of the latter is just north of 
that of the cherty beds and usually occupies a strip of low ground 
a mile or more in width in which there are few exposures. 

The outcrop of the gypsum does not lie at a constant level, but 
ranges through an interval of 300 feet or so, between the approximate 
limits of 750 feet which marks the elevation above sea level of the 
beds at Oakfield and 400 feet which represents the low point along 
the belt found at Seneca Falls, Seneca county. The variation is 
very gradual, scarcely perceptible within narrow limits, but appears 
when the line of contract is traced, on the contour maps. It is an 
inheritance from an early period, possibly dating back to the 
Appalachian uplift and representing the last traces of differential 
movement to the north of the main axis. 

Nature of deposits. The deposits consist of compact gypsum 
usually of homogeneous appearance, which, however, varies con- 
siderably from place to place in regard to purity. This is the rock 
gypsum which forms the basis of the calcined plaster industry, as 
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well as of the production of material used in portland cement. 
Microscopically it shows a crystalline texture, with interlacing 
_ fibers and blades of gypsum that inelose more or less of elayey 
matter and carbonates in the interstices. The proportion of the 
sulphate to the impurities depends more or less upon local conditions, 
but in a broad way it can be stated that there is a progressive increase 
in the percentage of gypsum substance as the deposits are followed 
from central New York into the western section. In Madison, 
Onondaga and Cayuga counties the rock carries from 65 to 80 per 
cent gypsum. In Monroe county it averages probably around the 
upper of these limits. Im Genesee and Ene counties on the west 
end analyses show 90 per cent and up: to 96 per cent of hydrated. 
caletum: sulphate. 
Analyses of New York gypsum 
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t Akron, Erie county, 2 Oakfield, Genesee county, 3 Oakfield, Genesee county, 4 Garbutt, 
Monroe county, 5. Lyndon, Onondaga county, 7 Lyndon, Onondaga county. All analyses by 
George E. Willcomb. 


The thickness of the beds probably may be said to stand im 
inverse relation to their quality. The thickest are encountered in 
Onondaga and Cayuga counties — 60 feet in the Severance quarry 
at Lyndon east of Syracuse and 30 feet at the Union Springs locality . 
in unbroken mass from top to bottom except for thim shale partings: 
In Monroe county two beds have been generally proved to occur 
where exploration has been undertaken — each from 5-8 feet thick 
separated by from 6 to 12 feet of hard limestone. Im Genesee: 
county there appears: to be only a single workable bed which 
averages 4 to 6 feet. The same condition holds for the eastern. part. 
of Erie county. In the city of Buffalo a. series of test holes drilled 
several years ago showed the existence of two 4 foot. beds: of white 
gypsum: with about 20 feet of intervening shale in which a thinner 
seam of gypsum is inclosed. 

It is quite apparent the deposits: are ait continuous: beds im the: 
broad sense, but rather are made up of a number of layers: distributed 
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MAP OF THE WHEATLAND GYPSUM DISTRICT 


_ List of Workings— (1) Abandoned adit, McVane farm; (2) mill; (4) mine, Empire Gypsum Co.; (3) mill; (9, 10) shafts, Garbutt Gypsum Co.; (5) mill; (6, 7, 8) mines, Lycoming Calcining Co.; (11) gypsum deposit, M. Rogers 
Bie farm; (12) shaft and crusher, Monarch Plaster Co.; (13) adit; (14) mill; (15) shaft, Consolidated Wheatland Plaster Co.; (16, 17) abandoned workings. 
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along the outcrop so as to give a varying succession from place to 
place. Although they occur near the upper limits of the Salina, 
having the Bertie waterlime as marker of the highest possible 
horizon, they may and do occupy different positions within the 
shale. Owing to the fact that the gypsum is rather so'uble in ground 
waters and is also easily eroded, the cutcrop is likely to be con- 
cealed: drilling is the most practical methcd of testing undeveloped 
ground. 

Mining operations. The production of gypsum in recent years 
has been carried on in the following counties from east to west — 
Madison, Onondaga, Cayuga, Monroe, Genesee and Erie. Of these 
the first three produce rock suitable for grinding, but hardly adapted 
for calcined plasters when used alone. The cement mills of New 
York have employed the material from this section and some of 
the output in years past has been sold to calcining plants for incor- 
poration with higher grade plaster made from rock obtained else- 
where. The output at present is small, and is mainly from the 
deposits around Jamesville and Fayetteville. At’ Union Springs 
extensive operations were carried on for a time, but the property 
is now closed. Owing to the thickness of the beds in this section 
open-cut quarry work is the usual method of extracting the gypsum. 

In the town of Wheatland, Monroe county, the Empire Gypsum 
Co. and the Lycoming Calcining Co. operate extensive mines, as 
well as plants for the conversion of the output into stucco and 
other products. The workings are all underground, reached by 
drift openings from the outcrop of the gypsum beds along the 
depression of Allen creek, and are similar to the room-and-pillar 
method of coal mining. The rock is light gray or brown in color 
and contains numerous veinlets of fibrous gypsum, pure white. It 
averages s to 6 feet thick. The upper of the two seams only is 
worked. From the mines the broken gypsum is taken to the mills 
by tram and there in part calcined and in part crushed or ground 
for shipment to cement mills and for agricultural uses. The Ebsary 
Gypsum Co. also is active in this district having a mine near 
Wheatland Center and a mill for making stucco on the property, 
which adjoins the Buffalo, Rochester and Pittsburgh Railroad. 

The section of the gypsum belt between Oakfield, Genesee county, 
and Akron, Erie county, a distance of 12 miles, has been the center 
of the principal developments in the last few years. The district 
is traversed east and west by the West Shore branch of the New 
York Central lines, affording convenient shipping facilities, while 
the beds are close to the surface and afford light-colored rock of 
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good grade. The mines are opened by vertical shafts, usually less 
than too feet deep, and are equipped and operated after approved ~ 
modern methods. Extensive use is made of electricity for hoisting 
and lighting. 

Just west of Oakfield are the mines and mills of the United States 
Gypsum Co., which entered the New York field about 1903 and 
whose enterprise gave the impulse to the recent rapid growth of 
the industry. The mines are the largest in the State and altogether 
embrace several hundred acres. The larger share of the output 
is calcined and sold in the form of stucco, wall plaster, board, blocks 
etc., but a considerable tonnage goes to cement mills. The com- 
pany operates a separate plant for making building blocks and 
tile. 

The Niagara Gypsum Co. works the gypsum bed to the west 
of the above mentioned property, its mine and mill being about 2 
miles west of Oakfield, or $ mile east of South Alabama. The mill 
is equipped with rotary kilns for calcining the gypsum, whereas 
the usual practice is to employ vertical retorts or kettles. The 
advantage of the rotary kiln lies in its greater efficiency from con- 
tinuous operation. The workable Evo is present in a single 
bed 4 to 5 feet thick. 

Between the.latter property and that of the American Gypsum 
Co. near Akron is an interval of about 8 miles in which it is not 
unlikely that gypsum deposits of economic grade and size occur 
although no mining operations are being carried on at present. 
The American Gypsum Co. operates on an extensive scale, having 
a thoroughly equipped mine in which electric power is largely used, 
and a three-compartment shaft for hoisting the product to the 
surface. A crushing plant is located at the shaft. All the output 
is sold crude to cement mills and to calcining plants elsewhere. 
The bed underlying the property is about 4 feet thick and together 
with the continuation of the bed under the adjoining lands seems 
to be an attenuated lens which gradually thins down to the east 
and west. The gypsum is of excellent quality. 

The American Cement Plaster Co. operates a mine in this area, 
having entered the district recently as successor of the Akron 
Gypsum Products Corporation; the property was first opened in 
1908 by the Akron Gypsum Co. The mine is a mile northeast of 
Akron and is connected with a calcining plant nearby which utilizes 
most of the output. This is the last of the active mines in the 
belt to the west. 
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MAP OF THE OAKFIELD AND AKRON GYPSUM DISTRICTS 
List of Workings — (1) mill; (2) shaft, Akron Gypsum Co.; (3, 4) shafts, American Gypsum Co.; (5, 6) test holes; (7) abandoned workings, Standard Plaster Co.; 


(8, 9) shafts; (10) mill, Niagara Gypsum Co.; (11, 14) shafts; 


(12, 13) mills, U. S. Gypsum Co. The proven gypsum territory near Akron is shown by dotted area. | 
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IRON ORE 


Iron ores are first in the list of metallic minerals that are mined | 
within the State, outranking all others in extent of distribution 
and industrial importance. They are distributed among several 
districts, each having more or less independent geologic features 
and characteristic ore types. The different kinds of ores that have 
been the object of mining operations include magnetite, magnetite- 
‘ilmenite mixtures, massive hematite, fossil and odlitic hematite, 
limonite, siderite and bog ores. 

The beginnings of iron mining and manufacturing in New York 
trace back to the colonial period and took place in the southeastern 
section. The earliest record of iron making that seems to be well 
authenticated by contemporary evidence refers to an enterprise 
on Ancram creek, Columbia county, which from its location renders 
fairly certain that the local limonite ores were employed. In 1750 
a limonite deposit near Millerton, Dutchess county, a part of the 
Salisbury district, was opened. The same year saw the start of 
mining in the Highlands magnetite district, with the development 
of the famous Sterling mines in southern Orange county, which 
shave been under practically continuous operation, except for short 
intervals of inactivity, down to the present time. A furnace was 
erected on the Sterling property in 1751 and the iron made there 
during the Revolution played an important part in supplying the 
needs of the patriot army. The Forest of Dean mine, back of West 
Point, in the Highlands was opened about 1756. 

The Adirondack magnetites began to be worked about 1800 as 
small forges were in operation in the Champlain valley in 18or.! 
The occurrence of ore in that region was known many years before 
that time, as it is indicated on the early maps during the French 
occupation of the Champlain valley. 

The Clinton formation with its fossil and odlitic hematites came 


1 Most of the information about the early history of iron mining is from Swank, 
*““ History of the Manufacture of Iron in All Ages,’’ Philadelphia, 1888. 
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under exploration at the opening of the nineteenth century; a lease 
for digging the ore 1s said to have been taken out in 1797. 

Production. The record of the iron mining industry has been 
marked by wide fluctuations of activity and prosperity. It is not 
possible to trace the course of operations over the long period of 
years that has elapsed since the start of mining; only from 1890 
have complete statistics of production been compiled that indicate 
the sequence of changes. This period, however, encompasses the 
most eventful part of the entire history, within which the iron trade 
of the country has been practically revolutionized by the improve- 
ments in metallurgical practice and by the development of important 
additional ore supplies, like those of the Mesabi range. 

In the years from 1860 to 1890 New York played a very con- 
siderable role in the iron trade of the country. Forges and furnaces 
were operated in many parts of the Adirondacks, in southeastern 
New York and in the Clinton belt of the central and western sections, 
deriving the supplies of ore from the nearby deposits. Of special 
importance was the bloom iron, made in open forges with charcoal, 
which had a wide market. Soon after 1890 the industry began to 
decline from competition with the new fields in the middle west, 
and for several years it experienced a profound depression which 
brought mining almost to a standstill. About 1900 a recovery 
from these conditions was to be noted; metallurgical enterprises 
were reestablished, and mining was gradually resumed in the old 
centers. The perfection of the processes of milling iron ores, particu- 
larly of the method of magnetic separation as applied to magnetites, 
gave a stimulus to this revival of the industry.. In the last year 
or two production has been larger than ever before. 

The future progress of the iron-mining industry will depend largely 
upon the utilization of the low-grade ores— those containing as 
low as 20 or 25 per cent iron in the crude state. There are immense 
resources of such ores, the total quantity not being subject to close 
estimate but is known to run up into the hundreds of millions of tons, 
many times the amount that has so far been mined. Some of the 
more important supplies are the magnetites of the Adirondacks and 
southeastern Highlands, the magnetite-ilmenite mixtures of Essex 
county, the limonite ores of Dutchess and Columbia counties, and 
the Clinton hematites of central and western New York. 
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i Production of iron ore in New York State 


MAGNE- CARBON- 


HEMATITE | LIMONITE TOTAL 
YEAR TITE ATE 

LoNnG Tons | LONG TONS | LONG TONS |, onc tons | LONG TONS 
OOO). |: 927 052 180 207 154 868 Nil] I 262 127 
HEQON. |. /: 945 O71 196 035 30 968 81 319] I 253 393 
MOOT 4...20 782 729 153 723 53 152 27 612] I O17 216 
1892.... 648 564 124 800 53 694 64 O41 891 O99 
1893....| 440 693 15 890 35 592 41 947| 534 122 
TSO oS dls RIN 2 TARR (IES al ee ree) iad atte nel ee an eS 242 759 
M8O5 2... 260 139 6 769} | 26 462 13, 886 307 256 
ESQO) .12\ 346 O15 10 789 12 288 16 385 385 477 
MSO Zs... 296 722 7 664 20 059 II 280 335 725 
MECS 2... 155 551 6 400 14 000 4 000 179 951 
1899.... 344 159 45 593 31 975 22 153 443 790 
1900.... 345 714 44 467 44 891 6 413 441 485 
HOOD): : 329 467 66 389 23 362 I 000 420 218 
MQO2'\... 451 570 QI 075 12 676 Nil 555 321 
HOOs 4). Fs 451 481 83, 820 5 159 Nil 540 460 
HOO Ls). 559 575 54 128 5 000 Ni 619 1C3 
MOOS. sx: 739 736 79 313 8 000 Nil 827 049 
1g06.... 717 365 187 002 I 000 Nil 905 307 
PIQO7 4.02) 853 579 164 434 Nil Nil] 1 o18 o13 
MQOS). 57 663 648 33 825 _ Nil Nil 697 473 
1909.... 934 274 56 734 Nil Nil}. 991 008 
I910....| I 075 026 79 206 4 835 Nil] 1 159 C67 
TOW Tjy.4): 909 359 38 005 5 000 Nil 952 364 
HOTZ)... 954 320 103 382 Nil Nil] 1 057 702 
I9I3....| I 097 208 120 691 Nil Nil] I 217 899 
I9I4.... 703, 670 47 705 341 Nil 751 716 
MOUS 1.22) 873 422 70 147 834 Nil} 944 403 
1916....| I 402 859 61 712 346 Nil] 1 464 917 
TODA ss. |b) 3131708 40 816 I 487 Nil] 1 356 oI! 
MOUS.) - 859 188 40 782 Nil Ni 899 970 
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TOTAL 
VALUE 


$3 654 872 


UNION NWWWOWW NWO ND AH HW He HH 


The figures for 1880 and 1890 are taken from the reports of the 
United States census; from 1891 to 1903 they are extracted from 


the annual volumes of the Mineral Resources. 


It will be noted that the output in the last few years has shown 
an expanding tendency and is now practically on a parity with th 
production during the earlier period when most of the ore was 
smelted locally instead of being shipped to Pennsylvania furnaces 
The value of the product in 1914-18 amounted to over $21,000,000. 
and the total of $7,381,333 reported for 1917 exceeded that of any 
previous year. The prices received for ores during this period wer 


above the average on account of war conditions. 
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Distribution of Iron Ore 


The following is a brief summary of the principal features relating 
to the distribution and occurrence of iron ores in New York State. 

The workable deposits are found in the following areas or districts: 

1 Adirondack region. Magnetite ores with locally associated 
hematite (martite) in Precambrian acid igneous rocks; also in schists 
and gneisses of sedimentary origin. Mixtures of magnetite and 
ilmenite (titaniferous ores) in basic igneous rocks of the gabbro- 
anorthosite class, intrusive in the older gneisses. 

2 Highlands of the Hudson. Magnetite in Precambrian gneisses, 
in acid igneous rocks and along the contact of igneous rocks and 
limestones. 
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3 St Lawrence and Jefferson counties. Hematite associated 
with Grenville limestone and schist, as replacement bodies. 

4 Central and western New York. Fossil and odlitic hematite, 
interstratified with Clinton limestones and shales in horizontal beds. 

5 Dutchess and Columbia counties. Limonite associated with 
crystalline limestones, slates and schists, representing metamor- 
phosed sediments of early Paleozoic age. .Siderite, or carbonate 
of iron, accompanies the limonite in many places and in one or two 
of the mines is the principal ore. The deposits are secondary or of 
later age than the inclosing rock. 

6 Staten island. Limonite in residual accumulations resting on 
serpentine. 

I Adirondack Region 


The principal magnetite deposits low in titanium are found on 
the borders of the Adirondack highland, in Washington, Warren, 
Essex, Clinton, Franklin and St Lawrence counties, in the eastern, 
northern and northwestern sections. On the southern and western 
sides there are few bodies and these have yielded little ore. 

The country rocks are varied in character but in the greater 
number of occurrences they consist of a light colored massive or 
gneissic rock which corresponds to granite or syenite in mineral 
composition. The feldspar is usually an intergrowth of potash 
(microcline) and soda (albite) varieties, and is associated with 
moderate to small amounts of quartz. The dark minerals are repre- 
sented by diopside and hornblende, usually in small amounts. The 
textures and general habits of the gneisses are frequently those of 
igneous rocks. In St Lawrence county, however, the magnetites 
are found in banded rusty gneisses containing more or less silli- 
manite, closely allied with Grenville rocks to which they may belong. 
They may have limestone on one of the walls. It seems probable 
therefore there are at least two classes of deposits — the one charac- 
terized by their occurrence within the body of igneous rocks and 
regarded as original segregations within the magma; and the other 
associated with gneisses and schists which are doubtless old sedi- 
ments. Of the latter class the derivation of the deposits is uncertain, 
as they may be held to be contemporaneous with the wall rocks or 
later migrations into their present surroundings, superinduced per- 
haps by the agency of neighboring igneous invasions. The occur- 
rence of secondary garnet, hornblende and pyrite is characteristic 
of this class of magnetites. 

In shape the magnetite deposits vary greatly; they are commonly 
described as veins, lenses, pods etc., according to the particular 
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features exhibited in individual instances. They are not veins in 
a genetic sense, although they often show a tabular development 
with sharp boundaries against the country rocks, in common with 
secondary vein deposits. Some of the occurrences extend for several 
miles along the strike, although in such cases the magnetite is dis- 
tributed among separate bands or lenses arranged in series, end to 
end or overlapping to some extent, the whole constituting an ore 
zone. The Lyon mountain, Palmer hill, Arnold hill and Cook hill 
deposits in Clinton county, the Barton hill-Fisher hill series at 
Mineville and the Benson Mines series in St Lawrence county 
illustrate this method of occurrence. Not infrequently the deposits 
assume very intricate forms, like the body opened by the atr- 
Bonanza—Joker Mines at Mineville, which are hardly explainable 
as the effects of regional compression and folding upon original 
lenses or tabular deposits. Rather they point to inherent irregu- 
larities assumed in the process of magmatic segregation. 

The ores range from rich magnetites, with 60 per cent or more of 
iron, through all gradations down to very lean mixtures of magnetite 
and gangue minerals —in fact the lower limit is reached in the 
ordinary country rocks of syenite and granite which contain a few 
per cents of free iron oxides in the form of magnetite. The richer 
ores are likely to contain moderate to high amounts of apatite, as 
much as ro per cent in Mineville Old Bed product, so that they are 
more employed for foundry and basic pig. The leaner ores which 
require beneficiation by crushing and concentration are relatively 
lower in phosphorus content and many come within the class of 
Bessemer and low-phosphorus ores. The Chateaugay mines afford 
an exceptionally desirable product, comparable to the best Swedish 
ores in regard to phosphorus and sulphur. 

The titaniferous ores, mixtures of magnetite and ilmenite in 
varying proportions, .are associated with the low-silica or basic 
igneous rocks and represent segregations of the heavy constituents 
of the magmas while in a fused state. The largest bodies occur in 
the great anorthosite bathylith that constitutes the central and 
eastern Adirondacks, the region of greatest surface relief. They 
are also met with to some extent in the smaller bosses and dikes 
of gabbro that border this area. A singular example, occupying an 
intermediate position between these ores and the normal magnetites, 
is represented by a deposit near Port Leyden, Lewis county, within 
syenite gneiss and with a content of about ro per cent titanic oxide. 
The average for the other deposits is from 15 to 20 per cent titanic 
oxide. 
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The available resources of the titaniferous ores are very large. 
The principal deposits are near the headwaters of the Hudson river, 
on the southern slopes of the Mt Marcy group, Essex county, where 
in an area of a few square miles are exposed a number of great ore 
bodies whose possibilities are to be estimated in tens of millions of 
tons. The iron content ranges from 4o to 60 per cent and the phos- 
phorus usually is below the Bessemer limit. By crushing and 
treating magnetically it is possible to effect a separation of the 
magnetite and ilmenite, thereby reducing the proportions of titanic 
oxide in the concentrates to one-half or less of that present in the 
crude ore. 

A brief description follows of the more important individual 
magnetite districts in the Adirondack area. Further particulars 
may be found in New York State Museum Bulletin 119, ‘‘ Geology 
of the Adirondack Magnetic Iron Ores.” 


Section across the Penfield pit, western portion. Pegmatite developed 
along axis of fold 


Hammonduille. This locality 13 miles west of Crown Point on 
Lake Champlain, the nearest railroad point, has supplied 2,000,000 
tons of mostly Bessemer ore. The mines were closed in 1893 during 
the period of extreme depression in the Eastern iron trade, and all 
the equipment has been removed from the property. It is known, 
however, that considerable resources still remain. The magnetite 
is restricted in occurrence to a light, finely granular gneiss which 
outcrops over an area 24 miles long by 13 miles wide and resembles 
somewhat in its general character the Mineville ore-bearing gneiss 
which is regarded as a phase of the granite-syenite magma. In 
all about thirty different openings exist in as many ore bodies; 
the deposits of most importance are the Penfield and adjacent West 
End, the Hammond, Dog Alley, North and No. 7, of which the 
Penfield ranks among the larger bodies of its kind in the Adirondacks, 
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having an outcrop length of 1000 feet and affording breasts of ore 
30 feet high in places. The deposits exhibit rolls, swells and pinches 
and remind one very much of the involved structures found in 
the Mineville occurrences. Mining operations were complicated by 
these features and by the distribution of the ores among so many 
separate bodies which are distributed over about a square mile. The 
property was under examination by the Oliver Mining Co. in 1906, 
which located some unmined bodies with the diamond drill. ‘The 
magnetites as mined contain from 50 to over 60 per cent iron, with 
quartz as the principal gangue, are free of sulphur and hold a few 
hundredths of a per cent of phosphorus. 

In the vicinity of Hammondville, on separately owned broperHes! 
are the Skiff, Long pond, Schofield and Paradox lake mines of 
smaller size. 

On Reed mountain near Crown Point village and southwest of 
there pyritic magnetite occurs in several places. 

Mineville. The most productive deposits of the Adirondacks 
are at Mineville; the output of the two companies, which have 
operated the mines from the start — Witherbee, Sherman & Co. 
and the Port Henry Iron Ore Co.— exceeds 1,000,000 tons in active 
years, the largest for any iron ore district in the east. The main 
resources for a long time was the 21-Joker-Bonanza group 
of mines based on a single great ‘“‘ horn” of ore, 2000 feet or so 
in length, composed of an enveloping body of magnetite about a 
core of the country gneiss, the whole laterally compressed and parts 
drawn out into wedgelike extrusions so as to afford a constantly 
changing section. The outlines of the body as first surmised from ~ 
the features revealed by development and test drilling have been 
considerably modified with the progress of exploration and mining 
which now have established practically the full contours. ‘The main 
ore supply has been nearly worked out, in fact practically only 
the pillars are left, which of themselves represent a large tonnage 
that awaits possible recovery. A separate and extensive ore body 
was found to lie below the Joker-Bonanza deposit taking the form. 
of a slightly inclined tabular mass which pitches to the south with 
the other and yields a similar high-phosphorus magnetite. This 
body has been exploited by sinking in the Joker-Bonanza work- 
ings. It reaches to the south beyond the limits of the latter de- 
posit. 
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The Harmony deposit to the south and a little west of the Joker- 
Bonanza has developed into a large producer. It consists of a sheet 
of ore where first tapped by the shafts, having a rather flat dip to 
- the southwest, but as it is followed downward rapidly steepens and 
is cut by small trap dikes along faults of slight displacement. It 
lies considerably higher than the Old Bed and affords a different 
quality of ore, lower in iron and phosphorus and having a quartz 
gangue. 

The Barton hill mines are opened along an ore band that 
shows swells and pinches but is practically continuous for 3500 
feet, beginning one-half of a mile directly west of the 21 opening 
and running a little east of north along the southern and eastern 
slopes of the hill. After an interval of 2000 feet of unworked ground 
ore again appears on Fisher hill and extends for another 2000 feet. 
The Barton hill deposits were mined in the early days when a large 
quantity of furnace ore was shipped from the higher grade portions 
and are now being worked systematically with removal of all the 
material that can be treated profitably in the mill. The concentrates 
are below the Bessemer limit in phosphorus and highly desirable 
for furnace use. 

The Smith mine owned by Witherbee, Sherman & Co. lies to the 
east of Fisher hill; it has been worked at intervals, but not on a 
large scale. The Sherman mine is one-half of a mile north of the 
workings on Fisher hill and is the last of the Mineville group 
encountered in that direction. It is one of the old mines but has 
recently been reopened and put in regular operation. 

Three mills employing dry magnetic concentration are operated 
on the Mineville ores, and in addition some of the output is shipped 
crude. From the Old Bed ore, a valuable apatite product is secured, 
serviceable for phosphate manufacture. The surface and under- 
ground installations exemplify the highest development in the 
technic of mining and milling and have been adopted as pattern 
in many of the other magnetite districts of the east. 

Between Mineville and the lakeside north of Port Henry are the 
Pilfershire and Lee mines, long since inoperative; while on the lake 
2 miles north of Port Henry is the Cheever mine, the oldest in the 
district on which work was restarted in 1908, after a long period 
of idleness. This belongs to the Cheever Iron Ore Co. It is based 
on a sheet, showing in some places two parallel layers, that extends 
for nearly a mile on the outcrop, included in a grayish or greenish 
quartz syenitic gneiss overlain by limestone and having gabbro on 
the east side toward the lake. It yields an ore high in phosphorus 


MINERAL RESOURCES OF THE STATE OF NEW YORK Tit 


and of granular texture, resembling the Old Bed at Mineville. The 
ore is mixed with feldspar and quartz gangue and shades into the 
country rock in the walls but has rich bands in the middle. It is 
all concentrated. The principal work recently has been within the 
southern section opened through the Tunnel, Weldon and Witherbee 
shafts, and has consisted in the extension of the old workings and 
removal of the large quantities of lean material left in the walls. 
There is a considerable area of unmined ground farther north which 
will constitute a reserve for the future and also possibilities of 
extending the productive territory to the south. 

Ausable Forks. In the region north and east of Ausable Forks, 
in southern Clinton county, is a group of magnetite bodies which 
taken in the aggregate represent one of the largest accumulations 
of the kind in the whole Adirondacks. The ore-bearing district 
comprises the series of prominences on the north side of Ausable 
river between Ausable Forks and Clintonville, a distance of 5 miles 
in a direction a little north of east and reaches back or north for a 
distance of 3 to 5 miles. This district was the scene of many small- 
scale operations during the period from 1825 to 1890, the ore output 
being used locally for bloom iron at forges situated at Clintonville, 
Ausable Forks, Black Brook and Jay. The total output could not 
have fallen much short of 2,000,000 tons and may have exceeded 
that figure. 

Most of the ore properties have been acquired in the last few 
years by Witherbee, Sherman & Co. with a view to the eventual 
reéstablishment of mining on a modern basis. As a preliminary, 
extensive exploration has been carried out, mainly on Cook hill, 
north of Clintonville and on Palmer hill and the adjoining territory 
to the north, which has brought to light much new information 
about the distribution of the magnetites and greatly increased the 
known resources. The separate deposits are developed as lenses, 
shoots and tabular bodies, arranged in series so as to constitute 
some three or four distinct ore zones. There is thus the Cook hill 
group, made up of the Winter, Mace, Cook, Battie and other 
openings which forms a practically continuous series, beginning 
within a mile or so of Clintonville and extending some 3 or 4 miles 
to the north. The deposits are comparatively thin, 10 to 30 feet 
for the most part, but their great length and probable depths 
make the resources very large. 

On Arnold hill next west is another group that contains two 
or three parallel series that have been explored for 14 miles altogether, 
with the Nelson Bush and Arnold mines as the largest producers. 
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Some of the bodies in this group carry large proportions of martite 
whose. presence is revealed by the bluish tint of the ore in mass; 
-the shape usually is rudely lenticular, widest in the middle and 
narrowing down or pinching out where followed along the strike and 
pitch, but the continuation of the ore is then to be looked for along 
the same course or at a short distance to one side or the other of 
the axis. The maximum width is about 25 to 30 feet. Slight 
offsets are caused occasionally by dip faults. 

On the west end of the district are the Palmer hill, Jackson hill 
and outlying bodies farther north, forming a belt some 3 or 4 miles 
long, but with important breaks in which no mineralization is 
observed. - Palmer hill, a bare prominence 2 miles north of Ausable 
Forks, is traversed by a band of magnetite that has been explored 
for over 2000 feet along the strike and to an extreme depth of 2200 
feet, with a yield probably of between 1,000,000 and 1,500,000 tons. 
Here in 1836 was installed the first magnetic concentrator to be 
operated in the Adirondacks; it was a crude device, made up of a 
series of horseshoe magnets arranged in the interior of a revolving 
drum, but an interesting anticipation of the present day mills. 
The magnetite occurs mainly in disseminated condition in the 
country rock which is massive granite low in quartz and containing 
more or less fluorite; but rich shoots were met with in the early 
days and these supplied most of the output. The ore is of Bessemer 
grade. Jackson hill is a mile northeast of Palmer hill; parallel 
bands of magnetite occur in similar associations but are narrower. 
Still farther north on Hogback mountain is a series of deposits very 
little exploited hitherto, but which recent tests with the drill have 
proved to contain large resources. The ore is higher in phosphorus 
than the usual magnetites of the district. 

Saranac valley. A group of deposits in the towns of Saranac, 
Black Brook and Dannemora once supported an active mining and 
metallurgical industry in towns along the Saranac river. One of 
the more extensive series of workings is in the vicinity of Redford 
and Clayburg on an ore zone which is traceable by outcrop and 
magnetic attractions for 6 or 7 miles. At the Bowen & Signor 
mine, just south of Redford, the ore has been mined for 1600 feet on 
the first level and varies from 20 to 30 feet wide. The crude ore is 
non-Bessemer but is said to yield Bessemer concentrates. It 
carries around 4o per cent or a little less of iron. Above Clayburg 
is an extensive working, now largely caved, which shows about 
the same grade of magnetite. In the vicinity of Dannemora village 
is another series, including the Fairbanks, Ellis, Averill and Danne- 
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mora mines based on long bands which as a maximum are about 
30 feet thick. 

Lyon mountain. The ore bodies now mined represent the middle 
section of a belt some 5 miles long extending along the lower slopes 
of a ridge of which Lyon mountain is the culmination. The trend 
in general is northeast-southwest. On the southwest end is Mine 
81, 2 miles from the main group, opened for about 1000 feet 
along an ore band that averages 18 feet wide and is nearly 
vertical. It has been idle since 1902. The ore is higher in phos- 
phorus than the present product, but affords good Bessemer 
concentrates. In the main group which lies directly on the flank 
of Lyon mountain three more or less well-defined seams are shown 
in outcrop or by mining development, occupying a zone about 200 
feet across. The front or main deposit is the chief dependence in 
mining and has been opened for a distance of 2500 feet on the strike 
and explored still farther by test pits. Its strike throughout most 
of its course is N. 20° E. but in the southwest section, near shaft 5, 
the course swings around in a broad curve to nearly west, and the 
ore body shows a notable thickening as well as flattening of the dip 
so that much ore has been removed by open cut operations. Else- 
where the dip ranges from 45° to 60°, steepening toward the north- 
east, and the ore measures about 20 feet from wall to wall. Under- 
ground work in the past has been carried on through a large number 
of inclined shafts or slopes, some of them poorly planned for 
permanent work; a new central shaft has been put down lately, 
of ample capacity to replace the numerous small ones previously 
employed, and a systematic method of development has been laid 
out. A large modern mill is also in course of construction. On the 
northeast end of the ore belt, 2 miles away, is the Parkhurst shaft, 
now inoperative. 

The ore occurrence is very similar to that described for the deposits 
near Ausable Forks. The country rock is gneiss composed of 
feldspar, quartz and minor amounts of diopside and hornblende, 
with pegmatitic and aplitic phases, a slightly foliated granite or 
acid syenite in field appearance. It carries considerable magnetite 
in disseminated condition, often showing schlieren quite as rich as 
much of the ore itself. The latter shows a wide range in regard to 
iron content, but the mine average is around 30 per cent. In the 
first operations considerable quantities were shipped in lump form 
but now all the product is sent to the mill. 

The Lyon Mountain mines belong to the Chateaugay Ore & 
Iron Co. which took over the propertyin 1903. Since 1871 when the 
first regular opérations began it supplied about 5,000,000 tons Of 
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furnace ore and concentrates. The ore is of a most desirable quality 
on account of the low proportions of phosphorus and sulphur. The 
run of concentrates averages around 65 per cent iron, with from 
.005 to .or phosphorus and an average of about .oo8 phosphorus. 

Benson Mines. Large deposits of low grade magnetite inclosed 
by a banded garnetiferous pyritic gneiss are the basis of mining at 
this place which has recently been resumed after several years 
inactivity. The deposits are found along a zone that lies near the 
base of a low ridge and that begins apparently about a mile west 
of the railroad station and trends first to the southeast and then 
swings around to the northeast and east-northeast which direction 
it follows for most of its course. At the pits by the station the 
trend is N. 60° E. Beyond there it can be traced by magnetic 
readings for some distance across the highway and brook, but seems 
to die out within a few hundred feet of the brook. The ore at the 
pits has a dip to the southeast of about 45° and the open cut is 
about 200 feet wide and over 1200 feet long (1915). No underground 
mining has been undertaken. 
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The occurrence belongs to the disseminated type like the Lyon 
mountain, but differs materially from the latter in many respects. 
The country rock is a mixed gneiss, of which the base seems to be 
a part of the Grenville or sedimentary series, while it contains much 
granitic material injected and diffused through the mass. The 
magnetite is fine grained and held in a matrix of garnet, feldspar, 
quartz, sillimanite and pyrite. The granite injection is accompanied 
by pegmatite phases which also carry magnetite. 

The ore carries about 30 per cent iron on the average. In crude 
state it has too much sulphur to be desirable for the furnace, but 
this is removed partly in concentration, while the phosphorus is 
also reduced by the process. The concentrates after agglomeration 
in the kiln yield an excellent Bessemer product. A process of wet 
magnetic concentration has been employed in the recent work. 
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The mines up to the present have shipped only a few hundred 
thousand tons; the ore supply, however, is very extensive and under 
favorable market conditions should be actively and profitably 
exploited. ; 

Clifton. About to miles north of Benson Mines are the Clifton 
deposits which include a group of ore bands and lenses in hornblende 
schist and along the contact of this rock and limestone, with a red 
granitic gneiss extensively developed nearby that is intrusive in 
the schist. The ores are sulphurous, made up of magnetite in a 
gangue of hornblende, biotite, garnet and quartz, with pyrite and 
pytrhotite in varying amounts. The principal openings are on the 
Dodge vein which has a width of 20 feet. Concentration would be 
necessary for most of the material, as the average content is probably 
under 4o per cent. The deposits were once worked by the Clifton 
Mining Co., and a furnace at Clarksboro was run for a time on the 
product. The Parish ore body is north of this on Tracy pond outlet. 
It affords a granular magnetite, free of sulphur, but containing some 
garnet. It has not been explored to any extent, although the 
magnetic attraction seems to indicate a considerable mineralized 
area. Other deposits in this part of St Lawrence county are in the 
town of Fine on the ridge limiting the Oswegatchie river, 4 miles 
northwest of Oswegatchie village, and those at Jayville on the 
Carthage & Adirondack Railroad, 14 miles west of Benson Mines. 
The latter has been under exploration recently, but were last operated 
actively 30 years ago. They consist of lenses and irregular bunches 
of magnetite along the contact of Grenville gneiss and granite, and 
are accompanied by abundant hornblende. 

Lake Sanford. Since the publication of the bulletin on the Adi- 
rondack magnetites in 1908, the titaniferous ores at Lake Sanford 
have undergone extensive exploration by the MacIntyre Iron Co. 
The known resources have been enlarged enormously by tests with 
the diamond drill which have demonstrated the continuity of the 
deposits in depth already known to cover large areas. Experimen- 
tation in the smelting of the ores in the blast furnace on a commercial 
basis was carried out in 1914 at Port Henry. Tests indicated that 
no special difficulties are to be anticipated under normal furnace 
practice, with charges containing one-third or one-fourth of the 
titaniferous material in mixture — the limit to which the tests were 
carried. The slags actually were more fluid than normal slags. 
The pig iron contained about one-half of 1 per cent titanium and a 
maximum of .1 per cent vanadium. Thereseem to be no insuperable 
technical obstacles in the way of exploitation and utilization of these 
ores, and it would be a great economic gain to have them developed. 
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2 Highlands of the Hudson 


The belt of Precambrian gneisses which crosses southeastern New 
York from New Jersey to the Connecticut boundary, occupying a 
large part of Orange, Putnam and northern Westchester counties, 
contains many magnetite bodies that have been mined on a small 
scale, altogether constituting a resource of considerable importance. 
The deposits are strung out along a northeast-southwest axes parallel 
with the general structural trend. Geologically they exhibit a wide 
range of features and are also varied in their mineral and metal- 
lurgical characters. 

The gneiss belt is composite, with some types certainly of igneous 
derivation and others that are very likely sedimentary. The igneous 
members include granitic, syenitic and dioritic gneisses, accompanied 
usually by more massive pegmatitic phases. Throughout the 
Highlands there is extensive development of pegmatitic granite in 
bands, schlieren and small bosses and it is almost invariably encoun- 
tered in the vicinity of the magnetites. Of the sedimentary gneisses 
there are very few areas where they are exposed in unmixed develop- 
ment, for nearly everywhere they are interleaved and injected by 
magmatic material of similar nature to the larger bodies of igneous 
gneisses. Their usual habit is a banded one, with alternating layers 
of lighter and darker color corresponding to variations in mineral 
composition. Some layers are nearly pure quartz, and others are 
largely hornblende or mica, or a mixture of these with feldspar and 
quartz. These sedimentary gneisses may include more than one 
stratigraphic group, as their areal relations have not been fully 
studied, but in many places they may be said to show close resem- 
blance to the Fordham gneiss that is extensively developed in 
southern Westchester county and that has been classed by Berkey 
as early Precambrian and likely equivalent to the Grenville gneiss 
of the Adirondacks. Small bodies of crystalline limestone accom- 
pany the gneiss and are to be regarded as a part of the same sedi- 
mentary series. The igneous intrusions in the Highlands belong 
mainly to the early Precambrian and have undergone compression 
and extensive structural rearrangement. The Cortlandt series of 
basic intrusives lies on the southern margin of the Highlands proper 
and has not shared in the general metamorphism, being of 
Paleozoic age. 

The magnetites, hitherto mined, have been shipping ores with 
from 50 to 60 per cent iron. These are not yet exhausted, although 
the main supply for future mining consists of concentrating ores 
which carry upward of 25 per cent iron and which can be worked 
on an extensive scale. The richer magnetites, with few exceptions 
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like the Sterling, Forest of Dean and Tilly Foster occurrences, are 
in thin beds ro to 15 feet thick at most and consequently the eco- 
nomic limit of exploitation was reached at shallow depths under the 
conditions of mining that formerly obtained. In all there are prob- 
ably over 50 of these smaller bodies that have been worked in the 
past. The aggregate output of shipping ore has been approximately 
6,000,000 tons. 

Sterling Lake. The output at Sterling Lake is now taken from a 
single deposit, known as the Lake, one of the numerous bodies that 
occur in the vicinity and that together have supported a mining 
industry for the last 150 years and more. The different deposits 
vary greatly in their physical features as related to form and content, 
although situated in the same general geological surroundings, so 
far as cursory examination shows. Some are thin sheets lying flat, 
or slightly inclined, others are attenuated lenses with a moderate 
to steep dip and usually with a pitch to the north, and still others 
are developed as narrow, elongated shoots with the long axis on the 
pitch which likewise is to the north. More complex forms result 
from differential compression and folding of these simpler types. 

The principal deposits lie within a belt that begins near the New 
Jersey line and extends some 5 or 6 miles to and beyond Sterling 
Lake. It is a part of a much larger ore zone that reaches into New 
Jersey on the south and extends in a general northeasterly direction 
across Orange county to the Hudson river. Beginning at the south, 
within a short distance of the state line, the series include the Steel 
mine which outcrops on a ridge at about 800 feet A. T. and is based 
on a band of ore striking N. 20° E. It is opened by a few pits on 
the south end. The same band of ore extends north beyond the 
hill under the adjoining valley. The next deposit is the Crawford, 
located on a lens which begins near the base of the succeeding ridge 
and pitches northward under it; it is opened as a pit and under- 
ground drift for a distance of 500 feet on the strike. It measures 
20 to 4o feet in width from wall to wall, but includes bands of lean 
or barren gneiss intercalated with the magnetite. An interesting 
feature of its geology is the fact that the ores cut obliquely across 
the bedding of the gneiss. The presence of massive granite on the 
eastern or hanging side (the dip is about 75° E.) may be noted, 
whereas the foot wall consists of the usual hornblende gneiss. The 
granite on the north end also caps the ore body. Another lens lies 
a little west of the Crawford and is open in the Brennan pit. It 
trends northwest. 

The California mines are about 7ooo feet farther north, on the 
opposite side of the ridge on which the Sterling and Lake deposits 
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outcrop and about one-half of a mile distant from these. They 
are based on a thin but persistent band of magnetite that lies nearly | 
flat and outcrops on the southern and southwestern sides of the 
hill. The ore is of Bessemer grade, whereas the Lake and Craw- 
ford mines contain too much phosphorus to come in that class. 
The California ore band reappears on the northwest side of the 
ridge where it has been worked through the Tiptop mine. 

The Sterling and Lake mines, of which the latter is now the only 
active producer on the property, are opened on two long lenses or 
shoots which outcrop on the side hill at the foot of the lake and 
extend north under the latter at an angle of 28° for the Sterling and 
23° for the Lake body, measured on the average inclination of the 
respective slopes. Both dip to the east, although rolls occur which 
locally reverse the normal dip. The Sterling mine is down 1000 
feet and has not been worked since 1902. The Lake slope is over 
3200 feet in depth. The two slopes are 500 feet apart at the surface 
and pursue a slightly divergent course. From the presence of 
numerous pinches and minor rolls in the Lake mine, it might be 
reasonably maintained that the two bodies are parts of one original 
deposit which has been squeezed out into the present form. It 
has been the prevalent opinion, however, that they are separate 
and distinct deposits, and the Lake, if it were continued on the 
dip, would lie above Sterling deposit. For a distance of 2300 feet 
on the slope, granite forms the hanging wall of the Lake slope, but 
at that depth gives way to hornblende gneiss. The Lake mine has 
yielded over 1,500,000 tons of shipping ore up to the present time. 
The ore runs about 57 or 58 per cent iron and 1 cent or so of 
phosphorus. 

To the east of Sterling lake about 5000 feet is a series of lenses 
that lies along a nearly north-south axis, on which are located the 
Crossway, Mountain and Smith mines. They are within the town 
of Tuxedo but close to the Warwick line. About 800 feet farther 
east a second series, with openings known as the Augusta, Cook, 
Scott, Oregon and Long mines, occurs along a parallel axis measuring 
6500 feet from south to north. -They all have an easterly dip and 
northerly pitch and have been worked by open cutting or by drifting 
under cover. The Cook mine, however, was worked through a 
vertical shaft and had underground connections with the Scott 
deposit, which also was tapped by a slope. There is little of the 
early workings in this part now accessible, but the ore as seen in 
places near the outcrop measures up to 25 feet thick. 

To the south and east of the Augusta, higher up on the ats 
which lies across the town line and near Tuxedo lake, is the Redback’ 
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based on an ore band that extends for over a mile on a course a 
little east of north. The band is straight, regular and over a mile 
in length. Its outcrop is marked by a reddish color, which arises 
from oxidation of the sulphides that are intermixed in small pro- 
portions with the magnetite. The deposit is rather thin, not over 
to or 12 feet in most places, but no doubt contains a large quantity 
of ore. On account of the sulphur content it has not been exploited 
in any large measure, although some ore was produced in earlier 
years for furnace use, having been roasted on the ground. A 
sample representing the crude material as mined is stated by Putnam 
to have contained 52.93 per cent iron, .o28 phosphorus and 3.603 
sulphur. 

The Morehead, Bering and Sloatsburg mines were opened in 
different bodies that lie in the area between Sloatsburg and Tuxedo 
lake. The Sloatsburg mine is in Rockland county. None of these 
has been worked in recent years and little is known as to their 
extent or as to the character of the ores. , 

Altogether the resources in the Sterling Lake district are undoubt- 
edly very large. So far only the richer and more available ores 
have been attacked, as the concentration of the low grade material 
has not been attempted; there is no reason to believe that any of 
the mines have been bottomed and in most instances the supplies 
have not been seriously drawn upon. In view of its favorable 
situation and the extent of the resources, the district should take a 
prominent place in the future mining industry of the State. 

Warwick. A group of ore bodies, on which are located the 
Rayner, Taylor and Standish mines, now inoperative, lies 23 miles 
south and a little east of Warwick, Orange county, on the ridge of 
gneiss between there and Greenwood lake. The Standish mine is 
based on a thin seam, not over 2 to 8 feet thick as opened, which 
can be traced for one-half mile on the outcrop. In one place it is 
split by a horse of the country rock, a well-laminated biotite gneiss 
heavily injected with pegmatite. The seam strikes N. 30° E. and 
stands vertical or inclined at a high angle to the southeast. At the 
northeast end it is faulted by a dip fault, beyond which the 
ore is not again in evidence. The magnetite carries some pyrite, 
but is fairly high in iron. The mine was last worked about 1880 
by the Parrott Iron Co. 

The Rayner is west of the former, across the highway on a ridge. 
It is widest toward the northeast where it was opened by a shalt, 
now caved, and there open cuts show 6 to ro feet of ore in nearly 
vertical position. To the southwest along the trend it becomes 
a double bed through the appearance of a seam of gneiss that increase, 
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up to 30 feet wide. The ore is coarser and more pyritic than that 
of the Standish. The deposit was worked by the Warwick Iron 
Co. which ceased operations about 30 years ago. Southwest of the 
Rayner is the Centennial mine which lies across the New Jersey line. 

Monroe. About 24 miles south of Monroe near Lake Mombasha 
are the Forshee, O’Neil and other ore bodies which are mentioned 
by Smock and Putnam as having been worked in 1880, but have 
long since been closed. The O’Neil mine is notable geologically 
as being based on a contact deposit in which limestone has been 
altered to a variety of minerals including chondrodite, serpentine, 
hornblende, epidote and garnet, affording relations very simliar to 
those at Tilly Foster mine. The ore is lean and large quantities 
of waste had to be sorted in the production of furnace ore. 

Forest of Dean. ‘This is one of the oldest mines in the Highlands. 
It has been under operation since 1756, although not continuously, 
and has reached a depth of 4100 feet on the axis or pitch of the ore 
which gradually diminishes from 27° near the surface to about 19° 
at the bottom. In that distance the deposit has maintained its 
character and general form almost unchanged. A section across 
the axis shows two wings which diverge above, separated by a 
wedge of coarse reddish granite; they merge below into a single 
mass that measures 80 feet across and so to 65 feet high from the 
bottom to the granite horse. The shape may be likened to a 
synclinal fold with the two wings of the fold abruptly truncated, 
as shown in the accompanying figure which is adapted from a 
sketch supplied by Mr H. P. Sweeny, superintendent of the mine. 
On the outcrop the deposit appeared to be a double vein, the two 
bodies having a band of granite between, and it was so figured by 
Mather in his report for the First Survey. Below the surface, 
however, the body assumed its present proportions and form. The 
wall rock is biotite gneiss with a northeasterly strike and south- 
easterly dip, but limestone appears on the footwall side not far 
away. The pitch of the ore is also northeast, while the footwall 
approximately conforms to the dip of the gneiss. A band of rock 
from 1% to 8 feet thick, whose exact nature has not been determined, 
cuts across the southeasterly wing near the base. 

The ore is granular magnetite, often of friable texture and 
resembling the magnetites of the eastern Adirondacks. Small 
crystals of apatite are in evidence and the ore is all of non-Bessemer 
grade. The content of iron averages about 60 per cent. Some 
sorting is necessary on account of admixture with granite which is 
found in stringers and small bodies within the deposit and is of the 
same character as the granite that divides the two wings of the 
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deposit. It is composed of pink and green felsdpars and quartz 
with magnetite as the only dark ‘ingredient of importance. The 
gneiss country is permeated by the granite which is to be seen also 
in independent bodies. Apparently the deposit has been a locus 
of igneous activity, a feature that characterizes practically all of 
the magnetites in Highland region. Several trap dikes occur in 
the vicinity. The largest is about 6 feet thick and crosses the ore 
body diagonally, disappearing into the footwall with depth. They 
have been described by Prof. J. F. Kemp as belonging to the 
camptonite class of dike rocks. They are much later in age than 
the granite. 

The Forest of Dean mine is worked by the Fort Montgomery 
Iron Corporation which a few years ago succeeded the Hudson Iron 


Approximate section of the Forest of Dean magnetite deposit 
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Co. The present period of activity dates from 1906. The output 
is carried by a tramway and aerial conveyer 5 miles to Fort Mont- 
gomery on the Hudson river where there are facilities for shipment 
by rail and boats. No records exist of the production for the earlier 
years, but the entire output can hardly be less than 2,000,000 tons. 

Canada mines Group. A persistent belt of magnetite is found 
in Putnam county, 6 miles east of Cold Springs along Canopus 
creek, south of the Carmel road. The northern section, of about 
a mile length, is known as the Canada mines which consist of 
prospects and shallow pits on the outcrop of a seam that strikes 
N. 40° E. and dips steeply to the southeast. The deposit, where 
exposed, shows 3 to 15 feet of magnetite in a single seam. The 
middle portion is mostly solid ore, but toward the walls the magnetite 
is in narrow ribbons or strips alternating with gneiss, the layers of 
rock increasing in thickness outward. There is much pegmatite in 
the vicinity and it may constitute one or both walls for some dis- 
tance, but normally the magnetite is in direct contact with the 
gneiss. The latter is a grayish hornblende-biotite variety which 
develops locally into amphibolite and along the ore belt shows 
alteration to epidote. There are small offsets to the seam from 
transverse faults, nowhere more than 50 feet measured on the surface. 
The body displays remarkable continuity and regularity in outcrop 
in view of its moderate thickness; that it should persist in depth 
seems a reasonable assumption, although this feature has not been 
tested by actual exploration, the old workings being shallow and 
little more than prospects. Concentration would be necessary to 
present day exploitation. The mines were a part of the properties 
in the vicinity owned by the Philadelphia and Reading Coal and 
Iron Co. who ceased operations here about 1886. The only outlet 
for the ore was by wagon road to Cold Spring. 

To the southwest the ore belt is continued, after an interval of a 
mile or more in which no openings appear, by the Sunk mines which 
stretch along a similar ore band for several thousand feet. The 
outcrop is on the side of the ridge south of the Carmel road facing 
Canopus creek. The mining development consists of a series of 
cross adits driven at intervals from the base of the ridge to the 
ore. At No. 1 on the southern end a shaft was also used in gaining 
access to the ore below the level of the adit. A considerable tonnage 
was mined here, as the workings extend for nearly 1oco feet on the 
strike and to 300 feet depth. The middle portion of about 10 feet 
was taken out, apparently the richer material, leaving perhaps an 
equal width of lean magnetite suitable for concentration. It is 
reported that the mined ore averaged around 54 per cent iron with 


MINERAL RESOURCES OF THE STATE OF NEW YORK 123 


phosphorus about .6 per cent. At No. 5 adit a quantity of lump 
ore was mined and left on the ground. The output of the mines 
was transported by tramway to the turnpike and hauled in wagons 
to Cold Spring. 

The further continuation of the belt to the southwest has been 
explored through the Sackett, Pratt and Denny mines in order of 
occurrence. The Sackett and Pratt lie on opposite sides of the 
road leading from Dennytown to Canopus creek and each consists 
mainly of open pits extending along the seam for 300 feet or more. 
The ore seam measures 5 to 15 feet across, with an additional few 
feet of leaner material in the walls. As elsewhere pegmatite appears 
frequently and in places is in contact with the deposit. The ore is 
identical with that of the Sunk mine. The Denny mine is on the 
southwest end of the belt, 1 mile southeast of Dennytown, and the 
workings indicate a more irregular occurrence than shown at the 
other mines, for the seam pinches and swells so as to form more or 
less independent shoots or lenses arranged end to end. Little ore 
was actually mined. The width of the widest part of the lenses 
is about 20 feet and the length along the strike about twice as great. 
The property was held independent of the others and was last worked 
by the Thomas Iron Co. 

Nelson mine. An occurrence of magnetite at Travis Corners, 
3 miles east of Garrison on the Hudson, may be considered a pro- 
longation of the Canada belt, as it lies nearly along the same axis. 
It is 34 miles distant from the Denny mine to the southwest. The 
property was prospected many years ago by the Kingston Iron 
Ore Co. and in ror2 was further explored by the Mt Summit Ore 
Corporation which equipped it with a shaft and small mill. The 
magnetite occurs in seams interleaved with the country gneiss and 
to some extent in disseminated condition in the latter; granite has 
injected the gneiss so as to convert it largely into a mixed rock. 
The dip at the surface, as indicated by the slope of the shaft is 45° 
northwest, but becomes nearly vertical at the bottom which had 
reached a depth of 165 feet in June 1913. The strike is nearly 
northeast. The heaviest seam of ore is 4 to 5 feet thick. Difficulties 
were encountered in concentration by the methods employed which 
made use of permanent magnets set in vertical series with the 
crushed ore passing as a thin stream in front; much dust was carried 
down with the magnetite. Little ore was actually shipped and 
operations were discontinued in 1913. ‘ 

Tilly Foster. This mine once held a leading place among the 
magnetite mines of southeastern New York and contributed about 
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700,000 tons in the period from 1864 to 1897 when it was closed. 
Its operation was discontinued because of falls of rock which 
endangered further work and which were occasioned by removal 
of the roof and pillars in changing from underground to open pit 
excavation. The deposit consisted of a lens 160 feet thick in the 
middle, tapering toward either end, and over 500 feet long on the 
300 foot level along the major axis which followed the strike of the 
gneiss east of north. The workings had attained a depth of over 
600 feet when production ceased. The geology of the deposit is 
of great interest on account of the mineral associations; the mag- 
netite while lying in gneiss contains masses of limestone and is 
itself intermixed with such minerals as chondrodite, spinel, chlorite 
and serpentine, which indicate contact effects from some nearby 
igneous intrusion. The same relations hold for the Mahopac mines 
in Putnam county and the O’Neil mine in Orange county. The 
ore averaged about 50 per cent iron as shipped and was used for 
Bessemer pig. The Tilly Foster Iron Co. worked the mine. 
Mahopac. The Mahopac Iron Ore Co. developed a deposit in 
the town of Carmel 13 miles north of Mahopac Falls which it 
worked in the eighties of the last century on a considerable scale. 


_ The magnetite occurs in an irregular body, described by Smock 


as four veins or beds which coalesce into two and in places into 
one bed. The ore was worked for a length of 450 feet and to a 
depth of about 500 feet. An analysis of a sample of 10,000 tons 
of the shipping ore is reported to have carried 54 per cent iron, 
.o12 phosphorus and .o14 sulphur. A railroad was built to connect 
the mines with the New York Central lines (Putnam division). 
Croft and Todd mines. These are in Sprout Brook valley, a 
deep long trench in the gneiss area north of Peekskill, eroded 
apparently along a belt of crystalline limestone. The walls of the 
valley are gneiss and gneissic granite and the floor is limestone 
which is rarely exposed on account of the heavy drift mantle. The 
Croft mine is opened on the west side, 6 miles in a direct line from 
Peekskill, near the base of the steep ridge which limits the valley 
on that side. It consists of a series of pits on the outcrop and a 
tunnel entrance started 100 feet or so below the outcrop to the 
southeast of it near the highway. The length of the workings is 
about 700 feet. The seam shows wavelike rolls which cause con- 
siderable variations of thickness, but the average is about 10 to 
12 feet. The strike is west of north a few degrees and the dip 
30° to 35° east. The ore is fine grained and ranges from fairly rich 
magnetite carrying 55 per cent or so of iron to lean ore with horn- 
blende gangue. Pyrite is present in small amount. Smock states 
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that the product was suitable for Bessemer iron, in which case the 
ore was probably roasted. The mine was last worked in 1881 by 
W. H. Campbell. A tramway was used for carrying the ore to 
the Hudson river at Peekskill. 

The Todd is on the same side of the valley 3 miles from the Croft 
and the same distance from Peekskill. It is near the contact of the 
crystalline limestone and the gneiss which forms the ridge directly 
west, and is based on small ore shoots that have been explored in 
three pits. The eastern wall is limestone while on the west side 
the ore is bordered in part by fibrous amphibolite schist. The 
‘strike of the shoots is northeast and their dip vertical. The ore 
carries around 45 per cent iron and contains hornblende, epidote 
and chlorite, showing secondary alteration. The property during 
the last period of operations (1880) belonged to the Fallkill Iron Co. 
who operated furnaces at Poughkeepsie. It is now included in the 
estate of Stuyvesant Fish. 

Croton mine. This is a large low-grade property, on an ore zone 
that extends some 5 miles in a southwest direction from Brewster. 
The mine is about in the middle of the zone, while the Brewster 
mine is at the north end and a third working lies near the south 
end, one-half of a mile west of Croton Falls. Work has been carried 
on at different times, the last period of active mining began in 1899 
and lasted for a few years. Magnetic concentration was employed, 
but at that time the process was not well developed and difficulties 
were encountered with the pyrrhotite which accompanies the magne- 
tite. The deposit has been explored for a distance of 2500 feet on 
the strike and is opened by a tunnel 1400 feet at an average depth 
of 135 feet from the outcrop. The width of the stopes ranges from 
50 or 60 feet to 100 feet or a little more. The ore is not sharply 
defined along the walls in most places, but shades off into the country 
through a gradual decrease in magnetite, the gangue being of the 
same mineral nature as the inclosing rock. The latter has the 
composition of augite syenite and closely resembles the ore bearing 
syenite gneisses of the Adirondacks. In 1912 plans were under 
consideration for reopening the mine; it was proposed to erect a 
mill of 1500 tons daily capacity, using the wet magnetic method 
of concentration and roasting the concentrates to free them of sulphur. 
Experimental tests with the process indicated a product could be 
made with an average of 64 per cent iron, after crushing through 
20 mesh screens, with a phosphorus content of .03 per cent arid 
sulphur .3. Foundations were laid for the mill, but the plant was 
not completed. 
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3 Hemaittes of St Lawrence and Jefferson Counties 


Hematite, both soft and hard, is found in quantity in the Pre- 
cambrian of St Lawrence and Jefferson counties, on the outskirts 
of the main Adirondack Precambrian area. On this side the 
Precambrian reaches out from the highland into the St Lawrence 
valley and even extends across the latter into Canada. The hema- 
tite is associated more particularly with the sedimentary portion of 
the series, which is classed with the Grenville, and which is distrib- 
uted in long belts running northeast-southwest. The wall rocks 
are usually rusty gneisses or schists, the same beds that contain 
the pyrite ores, but occasionally they are bordered on one or both 
sides by limestone. In a few places the bodies have a capping of 
Potsdam sandstone which rests in horizontal layers upon the highly 
inclined Precambrian strata, but as a rule they are covered only by 
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The ore bodies occur as seams following the schistosity of the 
gneiss and as irregular impregnations of the latter. They are appar- 
ently replacements of the country rocks formed by invading 
ferruginous solutions. Smyth connects the source of the iron with 
the pyrite which appears very probably from the close association 
and the further fact that the hematite was deposited at a much 
later period, probably largely in Postcambrian time, since the 
Potsdam in contact with the ore is itself heavily impregnated and 
altered so as to be difficultly distinguished from the normal ore. 

The occurrences are individually quite widely distributed and 
there are a large number of mines and prospects within the area 
covered by the towns of Antwerp and Theresa, Jefferson county, 
and Gouverneur, Rossie, Hammond, Macomb, Fowler, Edwards, 
Hermon, De Kalb and Canton, St Lawrence county. Most of them 
may be grouped in a few belts that have the same boundaries as the 
pyrite belts. The more important occurrences from a mining stand- 
point are found in the gneiss belt which extends from the town of 
Philadeiphia on the southwest into and across southern St Lawrence 
county and includes the Antwerp-Keene deposits which have been 
most extensively exploited. 

The hematites assay upward of ao per cent iron, the richest 
averaging 55 to 58 per cent, and a variable phosphorus content, too 
high for Bessemer ore. The main drawback seems to be a rather 
high percentage of silica, arising from unreplaced quartz and silicates 
of the gneiss and their alteration products. The total product has 
been about 2,500,000 tons. Mining was in progress from about 
1825 to 1910. In the early years the ore was smelted locally in 
charcoal furnaces, but during the last 30 years or so it was shipped 
mainly to Pennsylvania. 

Little systematic exploration has been attempted in this section; 
in fact there is less known about the resources than of any other 
iron ore district in the State. Most of the deposits, so far opened, 
were exposed at the surface or showed indications of their presence 
by the character of the soil which usually takes on a deep iron stain 
wherever in contact with the hematite below. The cover of drift on 
the uplands is thin, a few feet of sand and gravel with some bowlder 
clay constituting the glacial deposit in most places. There is no 
doubt that deposits are concealed under the Potsdam strata, through 
which the iron is not readily revealed, and others may lie under 
drift-filled valleys in which the glacial accumulation may have a 
thickness of too feet or more. A guide to exploration is to be found 
in the occurrence of pyrite which accompanies the hematite belts 
throughout their extent. In the Antwerp-Keene belt there seems 


128 NEW YORK STATE MUSEUM 


to be a promising field for exploration southwest of the Caledonia 
mine, along the contact of the limestone and schist which is mainly 
hidden by a thin cover of sandstone and has not been actually 
tested in the immediate neighborhood of the Caledonia mine itself. 
It is along the contact that the iron-bearing solutions would find 
the easiest channels for their circulation and the limestone being 
readily soluble would seem to offer the most available ground for 
the accumulation of considerable bodies of hematite. 

Caledonia mine. ‘This has been one of the main producers in the 
district and was last worked in 1907 by the Rossie Iron Ore Co. 
Its output exceeded soo,oco tons. The ore is soft hematite with 
50 per cent or more of iron, and has a relatively high proportion of 
lime which is beneficial to its smelting qualities. Actual analyses 
of ore shipments show 52 to 58 per cent iron, 7 to 8 per cent lime, 
and .5 per cent phosphorus. ‘The deposit lies near the contact of 
the Grenville pyritic gneisses and crystalline limestone, and the ore 
is encountered in both. It is capped in part by Potsdam which 
rests on ati uneven erosional surface of the crystallines. The gneiss 
in this place is a quartz schistose phase, carrying graphite and 
pyrite, more or less altered secondarily to chlorite and serpentinous 
products, as an accompaniment likely of the ore-forming process. 
The foot wall which is followed in the main shaft consists of lime- 
stone, while the schist is seen on the surface to the east and also is 
encountered underground in the hanging and as horses within the 
ore. The limestone along the contact with the deposit is uneven 
and contains pockets and irregular cavities filled with hematite. 
The hematite not infrequently bears marks of replacement in its 
simulation of the handing and structural character of the gneiss. 
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Old Sterling mine. In tracing the hematite belt southwest of the 
Caledonia mine, the next outcrops and pits are found at Keene’s 
station where there are several showings that have been exploited 
more or less. The Keene mine is the principal one; lying 1 mile in 
a direct line from the Caledonia shaft. The workings are inacces- 
sible but are said to be extensive, reaching a depth of 4oo feet. 
Pyrite is found in close association with the hematite. The Morgan 
or Pardee mine is next in order, 1} mile farther southwest and about 
1 mile from the Old Sterling. It consists of a large open pit, on the 
western edge of the gneiss belt, partially sunk through Potsdam 
sandstone. Pyrite shows in the hanging side. 

The Old Sterling mine consists of an open pit, 500 by 200 feet 
across, said to be 115 feet deep, with underground workings to the 
south and southwest of it for a distance of goo feet and reaching a 
depth of about 200 feet from which the ore was obtained in later 
years. The ore is a soft earthy hematite, with some of the hard 
compact specular variety, and is more or less intermixed with sec- 
ondary silicates of chloritic character (locally called serpentine) that 
had to be sorted out. Some of the soft ore was used for paint. 
Potsdam sandstone overlies the ore on the west side of the pit and 
its contact is scarcely distinguishable owing to the alteration that 
has taken place in the lower beds. The ore is somewhat silicious 
and carries from 4o to 55 per cent iron, with about .1 per cent phos- 
phorus. The output is estimated at over 750,000 tons. ‘The last 
operations were in the period 1904-10. 

Dickson mine. The southwestern end of the Keene-Antwerp ore 
belt includes the Dickson property which was worked first in 1858 
and for the few years following 1905. The occurrence is very similar 
to that at Old Sterling 1 mile northeast, the ore being earthy hema- 
tite as replacement of a graphitic gneiss or schist, following one or 
more seams of the latter. The mine was opened by an incline which 
in 1906 had reached a depth of 160 feet on the dip which was steep 
to the northwest. The thickness varied from 10 to 4o feet. 

Shirtlif mine. One of the principal producers of ore in the past 
has been this property in the town of Philadelphia, Jefferson county. 
It lies to the west of the axis of the Keene-Antwerp belt. It was 
worked up to 1880 or a little later, but is stated by Smock to have 
been exhausted by 1888, when his report was written. The ore 
was exploited by an open cut 1300 feet long and for a farther 
distance of 500 feet underground, while the workings reached a 
depth of 200 feet or more. 
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4 -The Clinton Hematites of Central and Western New York 


The Clinton ores are discussed in a special bulletin of the State 
-Museum,! from which the following brief notes are mainly taken. 
The Clinton formation comprises an assemblage of shales and lime- 
stones mainly, with which one or more seams of hematite is com. 
monly associated. The iron ore is not universally present, but 
occurs quite generally in the portion of the outcrop between Herkimer 
and Monroe counties, a distance of 120 miles, about two-thirds of 
the entire length of the belt. 

The Clinton hematite has a characteristic habit, being a “ fossil ” 
ore, so-called; in most examples fragments of fossil organisms are 
discernible, originally of calcareous nature, but now partially or 
completely replaced by the iron oxide. The extent to which the 
process of replacement has taken place varies considerably, and 
with it the grade of the ore which ranges from around 20 per cent 
to about 45 per cent iron. This fossil ore has a calcareous base. 
In the eastern section of the outcrop, included by Oneida and Oswego 
counties, an odlitic bed is usually encountered. This ore differs 
remarkably from the normal phase, having a granular texture 
which arises from the occurrence of the iron oxide in the form of 
small round particles, that are cemented into a solid mass by the 
same material. The particles usually have a central core of quartz, 
and the odlitic ore has thus a siliceous rather than calcareous gangue. 

From a mining standpoint the ore belt includes four areas that 
have present or prospective importance by reason of the presence 
of ore-seams of commercial grade. The first of these in regard to 
actual output is the area centering about Clinton, Oneida county, 
extending about 1o miles east and west, with two seams — an upper 
of fossil nature 6 feet thick but low grade and a lower odlitic bed 
20 to 36 inches thick containing 40 per cent or more of iron on the 
average. The odlitic bed is in some places split into seams by a 
shale parting, but there is no ground for assuming the existence of 
two distinct layers of this ore as is sometimes done. The Clinton 
mines altogether have yielded about 2,000,000 tons. The second 
area of potential importance lies at the west. end of Oneida lake, 
where an odlitic bed was shown by a test drilling, but has not been 
exploited or even satisfactorily explored as yet. The third area is 
encountered in northern Cayuga county, beginning near Sterling 
Station and reaching west as far at least as Wolcott, Wayne county. 
The excavations and drill tests about Sterling Station show 30 to 36 
inches of fossil ore in a single seam. At Wolcott two layers, 12 and 


1 Tron Ores of the Clinton Formation in New York State, Bul. 123, 1908. 
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21 inches thick respectively, are present. In the town of Ontario, 
Wayne county, is the fourth area, with a bed of fossil ore 18 to 36 
inches thick. This part has been worked by surface stripping for 
a distance of 5 or 6 miles along the outcrop and explored for several 
miles additional. 

In their entirety the Clinton ores constitute the most considerable 
ore reserve that is known to exist in the State. It is estimated on 
a conservative basis that approximately 600,000,000 tons of the ore 
exist in the three principal areas already opened in ore seams at 
least 18 inches thick and under less than 500 feet of cover. 

The Clinton hematites average about 4o per cent iron, taking the 
heavier seams only into account. The odlitic member in Oneida 
county gave an average return in one of the mines of 40.27 per cent; 
while separate analyses showed from 30 to 56 per cent. The fossil 
ore of the western section contains from 35 to 45 per cent iron as 
an average. Phosphorus is relatively high in most of the seams, 
ranging from .25 to 1 per cent, or from 1 to 2 per cent reckoned on 
the basis of metallic iron. It is thus mainly serviceable for foundry 
iron, which was formerly made in local furnaces at Kirkland, Franklin 
Iron Works and other places along the belt. 

Borst mines. The principal mine operations in the eastern section 
in recent years have been carried on at Clinton by C. A. Borst. 
The output has been used in part for grinding into paint, for which 
the Clinton ore is excellently adapted, but the greater share has 
been sold to iron furnaces in Pennsylvania. The mines are worked 
underground by the long-wall method, the entry being from the 
west and the face of ore being worked along the dip so as to provide 
natural drainage and also a favorable grade for tramming. The 
ore is inclosed by shale of which about 2 feet is blasted down from 
the roof to give working room. The mine equipment is complete 
and modern in type. The seam worked is about 30 inches thick 
and returns 40 to 45 per cent iron. 

The mines formerly operated by the Franklin Iron Manufacturing 
Co. are also at Clinton. They were mainly worked in the period 
after 1880 and up to 1907. The mine lay-out and ore conditions 
are similar to those at the Borst mines. 

East and west of Clinton are a number of old open-cut mines 
once used to supply ore for the Kirkland, Franklin Iron Works and 
Taberg furnaces. 

Fair Haven mines. At Sterling Station, Cayuga county, the Fair 
Haven Iron Co. conducted operations a few years ago by steam 
shovel methods, stripping 10 to 25 feet of soil and shale which overlies 
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a seam of fossil hematite 30 to 38 inches thick. The ore is reported 
to have averaged 36 to 38 per cent iron. Above the main seam is a 
4-inch seam of hematite and one or more thin limestone layers. 

West of this property are open cut mines worked in 1887 and 
1888 by the Furnaceville Iron Co. 

Ontario mines. The town of Ontario, Wayne county, has yielded 
most of the ore output from the western Clinton belt. The workings 
extend almost continuously across the whole width of the township 
and for one-fourth of a mile and more back from the outcrop. The 
bed continues east into the adjoining town of Williamson for at 
least 2 miles but has not been mined in that part. The line of 
workings lies 3 miles south of Lake Ontario and 4 mile north of the 
Rome, Watertown and Ogdensburg branch of the New York Central 
lines. The ore is the fossil type and averages 20 inches thick. The 
Furnaceville Iron Co., the Ontario Iron Co. and the Wayne Iron Ore 
Co. have been engaged in mining here in recent years by the open 
cut method. The ore is stripped in longitudinal stretches, the width 
of which is determined by the operating radius of the shovel, usually 
about 45 feet. The débris from the overburden is spoiled to the 
north of the cut from which the ore was removed in the previous 
operation. When the bench has been exposed it is loosened by 
blasting and then loaded by a smaller shovel into cars for shipment. 


5 Limonttes of Dutchess and Columbia Counties 


The limonite deposits of Dutchess and Columbia counties are a 
part of a long series of similar deposits that extend from Vermont 
through Massachusetts, Connecticut, New York and south to 
Alabama along the main Appalachian uplift: They occur in the 
belt of metamorphosed Paleozoic sediments which lies to the west 
of the Precambrian crystalline belt represented in New York State 
by the Hudson Highlands. 

There are two principal groups of deposits; the one running 
northeast from Fishkill in the valley of Fishkill creek, Dutchess 
county, and the other farther east following the north-south valley 
traversed by the Harlem Railroad from the Highlands in Dutchess 
county to Hillsdale, Columbia county. The latter group is the 
more important. The geologic formations within the vicinity com- 
prise Precambrian gneisses and stratified quartzites, limestones and 
schists. The quartzites lie immediately on the gneiss and have 
been assigned to the Lower Cambrian; the limestones and schists 
above are supposed to range from Cambrian to Ordovician in age. 
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According to Smock, who visited many of the mine localities 
when operations were in progress and thus had advantages for 
observation not now obtainable, the ore occurs in limestones or 
along the contact of limestone and schist, or it lies wholly within 
the latter; as a rule the contact affords the most favorable locus 
for the ore occurrence. The limonite occurs in small irregular 
pockets as well as large bodies and is accompanied by ochreous clay. 

Some carbonate is found in the workings, intermixed with the 
limonite or forming independent bodies or horses within the latter. 
It is the principal ore in one or two of the mines, notably in the 
Morgan, south of Halstead station, Columbia county, and can be 
seen in large bodies in the Amenia mine although here the ore is 
mostly limonite. The carbonate often has a brownish coating of 
oxide, so that its existence may not be inferred at first glance. It 
has been suggested by several writers that the carbonate constitutes 
the original ore from which the limonite has been derived by oxidation 
and hydration under surface conditions; this view is probably correct 
in the main, although it is not unlikely that some of the limonite 
has been formed directly by the weathering of pyrite that occurs 
rather freely in the schists. There is some question about the 
method of accumulation of the carbonate; Dana and others have 
considered the siderite to lie in interbedded seams with the limestone 
and schists, which if true would mean that the deposits are continuous 
with the wall rocks; on the other hand, the explanation that the 
iron has been introduced in solution and as a replacement of the 
limestone seems more in conformity with the present known facts 
of the field occurrence. 

The more important mines of the district lie within or close to the 
limestone valley that borders the high ridges of the Berkshires on 
the west and extends north and south along the New York and 
Massachusetts-Connecticut state line. The valley is narrow and 
broken in places by minor ridges of schist which rise on the west 
side into a series of prominences somewhat less rugged than those 
on the east side. This valley is followed by the Harlem Railroad 
(New York Central lines) and most of the mines are close by. The 
list of the larger productive properties includes the Dover, Amenia, 
Manhattan, Maltby, Mt Riga, Dakin and Kelly mines in Dutchess 
county and farther north the Morgan, Reynolds, Weed, Copake, 
Hillsdale, Mitchell and Haight mines in Columbia county. In 
the Fishkill-Clove valley are the Shenandoah, Sylvan Lake, Pawling, 
Beekman and Clove mines, all in Dutchess county. 
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‘The mines are mainly open pits, but drifts may be run from the 
sides or bottom along the course of the ore and mining carried on 


partly underground. The stripping varies from a few feet to over 


too feet. In the deeper bodies it would appear that underground 
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The southeastern limonite district (after Putnam) 


work with caving might be introduced and would be more economical 
than stripping so much cover. A few mines were worked through 


vertical shafts. The abandoned open pits are now filled with water to 
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within a few feet of the surface; some are 500 to 600 feet long and 
too to 200 feet wide. As much as 200,000 tons of ore have been 
mined from a single pit within 150 feet of the surface. Few, if any, 
of the deposits were exhausted by the previous operations; the 
production of ore became unprofitable with the loss of the local 
markets supplied by the Poughkeepsie and other nearby furnaces 
and through competition with the Lake Superior ores. The active 
period of exploitation may be said to have ended about 1893. 

The ores occur in coherent masses and in earthy condition, the 
former called “rock ore’’ which is sorted by hand and the latter 
“‘wash ore’ being the residue obtained after the removal of the 
clay and sand by washing. Themasses occur in spheroidal, stalactitic 
and irregular shapes. The iron content of the shipping product 
ranges from 4o to 50 per cent and the phosphorus below .5 per cent 
and occasionally below the Bessemer limit. The sulphur content 
is low. 

There is little doubt that in the course of time the ores will again 
be in request. Some of the more accessible properties possibly 
could be worked under present conditions. 

In the western part of Columbia county, a short distance from 
the Hudson river there is a small district that has produced carbonate 
ores. The deposits lie along the western slope of a range of hills 
that begins just south of the city of Hudson. They are included 
between slates and quartzites and show some points of similarity 
to the limonites above described. ‘The Burden mines are the largest 
in the district, they were worked between 1875 and 1901. ‘The ore 
is a gray compact siderite containing some calcite, quartz and 
pyrite. The silica percentage is apt to be rather high, and it is 
necessary to subject the ores to a roast to remove the sulphur and 
increase the iron. The greater part of the mined product was of 
Bessemer character. The production of limonite in southeastern 
New York ceased practically in 1905, since which time the industry 
has been dormant except for an occasional shipment. 

Amenia mines. One of the larger mine workings in the limonite 
district is at Amenia in a small north-south notch in the ridge just 
west of the village. There are three pits, the Gridley, Palmer and 
Weed, but all are opened on the same body of ore and together form 
a continuous trench one-half of a mile long. The deposit lies along. 
the contact of a fissile micaceous schist which can be seen on the 
east side of the workings at the north end, and white crystalline 
limestone which is now concealed but is said to have been exposed 
in the bottom of the pits and on the west wall of the Palmer pit. 
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The strata have a dip of 60° to 70° to the east and trend a little 
east of north. The ore probably makes under the schist to the 
east but has not been followed far in that direction on account of 
the heavy overburden. The pit in places is 300 feet across. 


Glacial Limestone 


Schigt Protalys 
Lime stone 


Cross-section of the Amenia limonite mine (after Putnam) 


The ore is in part of soft ochreous character and partly consists 
of hard lumps and hollow spherical masses (“‘ bombs’’). Bodies 
of carbonate (locally called ‘‘ white horse’’) have been left in the 
workings, apparently on account of its lower iron content. Some 
of the carbonate was mined and used in the furnace at Wassaic. 
The washed limonite is reported to have carried 44 to 51 per cent 
iron and phosphorus up to .4 or .5 per cent. 

The Palmer and Weed pits at the north are called the Amenia 
mine which has been worked more extensively than the Gridley 
mine and has shipped some ore in recent years. Smock credits the 
Amenia mine with an output of 200,000 tons in the period of 20 
years preceding 1889. There is a washing and pumping plant on 
the property. . 

Manhattan mine. The Manhattan mine is situated at Sharon 
station, just west of the tracks of the Harlem Railroad. The output 
at one time was shipped to the furnaces of the Manhattan Iron 
Works in New York City, long since dismantled. In the early 
eighties it was worked by the Sharon Bessemer Ore and Iron Co. 
who ceased operations in 1888; since then the property has been 
idle. The pit is now filled with water, forming a pond soo feet in 
diameter. The ore is covered by a variable amount of drift which 
thickens to the south and lies upon limestone. At the south end 
of the pit as much as 160 feet of stripping has been removed, but 
to the south and near the highway the ore comes to within 4o feet 
of the surface. The cover increases also to the east where the ore 
extends on the dip of the limestone and under the schist which has 
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been encountered in drill holes recently put down by the Ramapo 
Ore Co. It appears that the main ore body follows the contact 
of the two formations which have a northeasterly strike and a 
southeasterly dip of 30° or a little more. 

The ore of this mine is lower in phosphorus than the usual run 
of the limonites. Analyses of the washed ore shows 47 to 50 per 
cent iron and .o4 to .og per cent phosphorus. 

Maltby mine. This large open pit is 14 miles northeast of Millerton 
and almost on the Connecticut line, within sight of the famous 
Orehill mines which lie across the border to the southeast. The 
Central New England Railroad adjoins the property on the west. 
The mine was last worked by the Thomas Iron Co. which ceased 
work in 1891, but previously had been operated by C. S. Maltby 
and the ore smelted in a furnace at the mine. The pit is about 
600 feet long northeast and southwest and 4oo feet wide. The 
ore apparently lies between limestone which shows on the southeast 
side and the schist, although the latter does not appear in outcrop. 
There are three bands of ore exposed on the southeast wall, two of 
which are narrow and inclosed within limestone and a thicker band 
of 50 or 60 feet lying on limestone and covered by drift. The 
limestone dips 45° or so to the northeast. W. H. Hobbs (see 
references at end of chapter) has given a section of the formations 
which indicate that the ore is repeated by faulting, although the 
evidence on this matter is not very clear. 

Analyses of the ore are reported by Putnam who found the 
washed limonite to contain 41 per cent iron and .156 phosphorus, 
and the lump or rock ore 48 per cent iron and .215 phosphorus. 
The mine is reported to have been opened in 1750. Its output is 
not recorded. 

Mt Riga mine. The Mt Riga mine is an open pit 500 feet long 
and 100 to 200 feet wide, one-half of a mile southeast of Mt Riga 
station on the Harlem Railroad. The last work on the mine was 
performed by Barnum, Richardson & Co. about 1888; previously 
operations had been carried on by the Mt Riga Iron & Mining Co. 
which stopped work in February 1885. The present owner of the 
property is George E. Kaye of Mt Riga. ‘There are few details 
available about the mine which is now filled with water, but it 
would appear that the ore rested on limestone and was capped by 
drift which is 50 feet thick on the south end of the pit. Putnam 
reports that the average stripping was 15 feet and that the yield 
of washed ore was one-half the mined product. A sample from 
500 tons of washed ore returned 41.6 per cent iron and .61 
phosphorus. 
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The ore body continues to the south beyond the pit and onto 
the property of Mrs C. B. Miller where some ore was taken out 
through shafts, one of which is across the highway to the southeast 
of the pit. . 
Between Boston Corners and Mt Riga at the foot of the high 
ridge which lies along the state line are the Kelly and Dakin mines, 
of which few particulars are to be had. The Dakin is a little north 
of Mt Riga and the Kelly still farther distant. 
Weed mine. The Weed mine has been recently under operation 
by Barnum, Richardson & Co. for supply of their furnaces at 
Limerock, Conn. The mine is equipped with a new hoist and 
washing plant. The property is 14 miles north of Boston Corners, 
between the Harlem Railroad and the Central New England Rail- 
road. The ore is opened by a long trench and followed underground 
on the easterly dip which carries it below the schist hanging wall. 
The foot wall is of the same schist, but of less weathered character. 
The dip is about 35°. The mine had yielded 168,000 tons up to 
the time of Putnam’s report for the tenth census. An analysis 
reported by Smock shows 43 per cent iron and .11 phosphorus. 
_ Copake mines. These are at Copake Iron Works on both sides 

of the Harlem Railroad. There are two openings to the west of 
the tracks which represent the earlier operations while the larger 
and more recently worked mine is northeast of the station. The 
latter is a pit 500 feet long and up to 200 feet wide opened in glacial 
materials, except at the northeast end where a bluish white limestone 
appears showing a dip of 25° or so to the east. The ore appears 
to lie in a depression of the limestone and apparently near the top — 
of the beds, as the schist may be seen nearly on a line with the pit 
to the north. The contact between the two formations is approxi- 
mately indicated by the brook which flows south by the pit. There 
are small openings just north of the main pit and prospects with 
indications of ore for some distance farther north. The mine was 
closed about 1888. It was operated in connection with the Copake 
furnace both owned at present by John Mills, Twin Lakes, Conn. 

There is more or less carbonate intermixed with the limonite, and 
in one of the prospects on the north end it is practically the only 
ore. Putnam reports that a sample of washed and lump limonite 
combined returned 46.8 iron and .424 phosphorus. A sample of 
the carbonate contained 30.8 iron and .248 phosphorus. 
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6 The Staten Island Limonites 


The limonites of Staten island supply an interesting example 
of ore occurrence, but are no longer of commercial importance. In 
character and probably in genesis they are closely parallel to the 
limonite ores of eastern Cuba which have recently come into 
prominence; their restricted distribution, however, excludes them 
from consideration as a basis for present day mining. They are 
found on the serpentine ridge which constitutes the backbone of 
the island, the higher ground between St George on the north shore 
and Richmond in the central part. The serpentine represents the 
altered product of a basic intrusive of the peridotite class of rocks. 
Little of the original silicates is now left, although occasionally 
particles of pyroxene and olivine bear witness to the original character 
of the mass, as does also the chromite which is distributed in small 
grains all through the serpentine. The ore lies in depressions upon 
the serpentine and is covered by clays and sand: a small percentage 
of chromium is present, according to the published analyses which 
show 38-55 per cent iron; also cobalt and nickel. The old mine 
localities are about 1 mile north of New Dorp station (New Dorp 
mine) at the Four Corners on the Richmond turnpike (Tyson’s 
mine) and on the Ocean Terrace road (Cooper & Hewitt mine). 
A detailed account of the occurrences is found in Putnam’s article 
in the Tenth Census reports. The ore yield is placed at 250,000 
tons. Mining terminated about 1880. 
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LEAD 


Galena, the principal ore of lead, is associated to some extent 
with the zinc ores in the Edwards district and also with the zinc 
deposits in the Shawangunk region. A description of the occurrences 
in these two districts will be found under zinc. Lead alone, or 
with minor amounts of zinc, was once mined in the western part 
of St Lawrence county, notably in the towns of Rossie and Macomb, 
also in the town of Alexandria, Jefferson county; in the town of 
Ancram, Columbia county; town of Northeast, Dutchess county; 
and in a few other places. : 

At the time of the First Geological Survey of New York State 
1836-40, much interest was manifested in the deposits in the towns 
of Rossie and Macomb. A very full account of the lead occurrences 
and of the mining operations is given in the report by Professor 
Emmons on the Third District. The Coal Hill and Victoria veins 
are particularly mentioned by Professor Emmons as having been 
the basis of rather active exploration in the early days. 

The Coal Hill vein was worked by two companies, the eastern 
section having been under operation by the Rossie Lead Mining 
Co. and the western section by the Rossie Galena Co. According 
to the local records mining at this locality began about 1836 and 
the output of ore was smelted at a furnace on Indian river, about 
1 mile distant from the mines. The product of the two companies 
up to the time they ceased operations was. 3,250,690 pounds of 
metallic lead. The average content of the furnace ore is said to 
have been 67 per cent. It appears that in 1852 operations were 
again revived by the Great Northern Lead Co. which employed a 
number of practical miners from Cornwall, England, and work 
was extensively prosecuted for about 2 or 3 years. Later the mines 
and works were leased by J. B. Morgan who operated them for a 
time. In 1868 the plant was finally closed and has remained idle 
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since. The Coal Hill vein outcrops on the face and top of a flat 
knob of gneiss and occupies a vertical fissure from 2 to 6 feet wide 
within a parallel zone of brecciated rock. The strike is north 80° 
west. The galena occurs in disseminated particles and in larger 
masses within calcite gangue. The lead ore is accompanied by 
minor amounts of chalcopyrite, sphalerite and pyrite and a little 
fluorite. The wall rock consists of a gray gneiss which has been 
intruded by red granite. 

The Victoria mine, also known as the Pardee mine, lies 13 miles 
south of Rossie and about 1 mile northeast of the Coal Hill mine. 
Its situation is similar, the vein being exposed along the side and 
dip of a low ridge of grayish, more or less granitized gneiss. The 
strike is a little north of west and the dip approximately vertical. 
It was opened about the same time as the Coal Hill property. A 
vertical shaft was put down at the base of the hill reaching a reported 
depth of 300 feet and other shafts were sunk on top of the ridge. 
The vein ranges from 2 to 4 feet in width and is composed of calcite 
carrying some galena and minor amounts of sphalerite, chalcopyrite, 
pyrite and green fluorite. Considerable brecciation has occurred 
along the fissure and stringers of the material make off into walls 
for short distances. The country rock on the outcrop of the vein 
is an injected gneiss but it would appear likely that limestone was 
encountered in depth since there are large blocks of this material 
on the spoil bank. A separating works and smelter were erected on 
the property to treat the ore of the mine. The output of metallic 
lead is not known. 

Another place where mining for lead was carried on in the middle 
years of the last century is at Mineral Point on Black lake, town 
of Macomb. The deposit is said to have been discovered about 
1836 and 3 years later a company known as the Mineral Point Lead 
Manufacturing Co. was organized to work the deposit. Very little 
is known about the outcome of these early operations. In the 
sixties of the last century the property was leased by J. B. Morgan 
who also for a time operated the Coal Hill property. The occurrence 
is very similar in its features to the deposits in Rossie, the vein 
occurring in gneiss and consisting of a small fissure filled with calcite 
and carrying sulphides of lead, copper and iron. 

Another galena vein occurs on the farm of F. E. Turner, some 
three miles north of Brasie Corners, town of Macomb. It measures 
up to 2 or 3 feet in width and can be followed for 100 feet or more 
along the edge of a limestone ridge. In places it carries abundant 
galena with minor amounts of sphalerite and would be workable 
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if the ore were obtainable in larger quantity. The deposit was 
operated in a small way 10 years ago by H. D. Tann of Pierces 
- Corners. 

About one-half of a mile south of Pierces Corners or Macomb 
a lead vein occurs on the Downing farm where operations were 
carried on in a small way about 12 years ago. There is a shaft 
25 or 30 feet deep. It was operated by J. H. Donovan. 

About 1 mile south of Pierces Corners is an occurrence of lead 
on the Pennock farm. The developments consist of two vertical 
shafts about 200 feet apart located on a fractured zone which strikes 
about north 70° west and measures about 15 feet wide. The 
westerly shaft is said to be 150 feet deep. Near the eastern shaft 
there is an open cut of 15 feet into the hill in which the shaft has 
been sunk and from this a considerable quantity of ore was taken 
a few years ago, although the main operations were carried on by 
J. B. Morgan in the middle of the last century. The stack of an 
old furnace still stands on the property. 

Lead also occurs on the Jones farm about 1 mile southeast of 
Pierces Corners, where some prospecting was carried on about 10 
years ago. 

An interesting occurrence of galena is found about three-quarters 
of a mile north of the village of Redwood, town of Alexandria, 
Jefferson county. It is exposed on the sides of a low cut along 
the railroad north of the Redwood station. The outcrop of the 
vein is in Potsdam sandstone which forms a knob with an exposed 
thickness of from 35 to 4o feet. The sandstone along the sides 
of the vein is much fractured and shows vertical joining. The 
main vein is about 4 feet wide and contains 2.feet of solid calcite 
in the middle with a foot or so of brecciated sandstone cemented 
by calcite on either side. The strike is north 55° west. The vein 
can be traced from the railroad cuit to the southeast across the 
adjoining field to a little ravine and west of the cut for about 200 
teet over the top of the hill. It has been opened in several places 
but the date of the operations are not known. The vein does not 
carry any large amount of galena. It is apparent from the field 
relations that the sandstone overlies Grenville limestone as the 
latter is exposed in considerable force just north of the sandstone 
knob. The limestone itself is characterized by a small amount of 
galena in disseminated grains and crystals. 

Galena was mined at one time in the town of Ancram, Columbia 
county, at the locality known as the Ancram Lead Mines, a station 
on the Central New England Railroad between Boston Corners and 
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Pine Plains. The deposit is reported to consist of 2 or 3 small veins 
which lie along the contact of limestone and schist. The ore is 
rather lean, carrying small amounts of galena with some chalco- 
pyrite, sphalerite and occasional barite, in a gangue of calcite and 
quartz. The property has been explored on an extensive scale, as 
evidenced by the shafts and underground workings and the large 
accumulation of waste, but the operations were never profitable. 
The galena contains a little silver. 

Additional occurrences of galena have been recorded in various 
parts of the State. Near Smithfield, town of Northeast, Dutchess 
county, is a small vein that has produced some ore; it is reported 
to have been worked as early as 1740 and the ore shipped to Bristol, 
England, and again during the Revolutionary War, when a few tons 
of lead were produced. Another locality is Ossining, Westchester 
county, where galena occurs with other lead minerals in dolomitic 
limestone. At White Creek, Washington county, it is found in 
small stringers in slate. In Montgomery county, 13 miles south of 
Sprakers Basin, veins of galena associated with sphalerite and 
pyrite are found in shale. Other localities are Schoharie, Schoharie 
county; Martinsburg, Lewis county; towns of Vernon and West- 
moreland, Oneida county; and near Rochester, Monroe county. 
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MANGANESE ORE 


The manganese compounds that serve as ores of manganese have 
-only a very restricted representation in the State. The two com- 
moner minerals are pyrolusite, the dioxide, and psilomelane, the 
hydrous oxide. The latter contains usually more or less iron and 
grades into an impure earthy substance called wad. There are no 
considerable deposits of pyrolusite anywhere in the State; in fact 
it may be said that there are no deposits in which the mineral is 
found by itself, and only such minor quantities as may be present 
in the superficial coatings of pyrolusite on other minerals.  Psilo- 
melane is found in greater abundance but of a low grade of quality. 

W. W. Mather in his reports on the First Geological Survey of 
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New York gives an account of the occurrence of wad in Columbia 
and Dutchess counties which it appears was the source of some 
-commercial ore during the middle part of the last century. Recently 
the deposits were relocated and explored by Professor Nelson C. 
Dale, who has prepared a paper! on the occurrences for publication 
by the State Museum. The following abridged account is based on 
information given by Professor Dale in the paper mentioned. 

The ore occurs in a district that extends some 25 miles north and 
south and lies mainly within the towns of Canaan, Hillsdale and 
Ancram, Columbia county. It comprises an area altogether of 125 
of 150 square miles in the western foothills of the Taconic range. 
The manganese is distributed within certain swamps or marshes 
which occupy small depressions in saddles or divides between the 
hills or in terrace-like benches at the foot of the prominences, usually 
at an elevation of 1200 to 1400 feet above sea level. These bogs 
serve as catchment basins for the drainage from the higher ground 
and discharge into the Hudson river. The area is largely underlaid 
by slates and schists of Ordovician age. 

The bog manganese is found as nodules and nodular aggregates 
sometimes cemented into a more or less firm mass, inclosed in a 
matrix of whitish clay. It is thought that the manganese is derived 
by leaching of the small amounts present in the country rocks and 
is carried into the bogs as soluble bicarbonate where its precipitation 
takes place through oxidation or as the result of reaction with cal- 
cium bicarbonate. <A characteristic section through one of the bog 
deposits shows at the top 12 inches of brownish clayey loam with 
nodules and nodular aggregates of wad, then 28 inches of hardpan 
with occasional bowlders and rock fragments cemented by man- 
ganese, and at the base consolidated hardpan carrying no manganese. 
An analysis of several samples from different localities indicated 
about 22 per cent of manganese as a maximum. 

One of the localities where the ore was worked in the early days 
is the Gott-Mesick bog in Spencertown, Columbia county. In the 
town of Hillsdale are the bogs on the Palmer farm and the Joseph 
Goodsell farm. Other localities where the ore. occurs are the David 
Parson farm (now owned by Mr Beaver) about 14 miles west of 
Flatbrook and the R. H. Girdler farm 1 mile south of Canaan 
Center. Tests carried out by Professor Dale indicated that the 
available supplies in the different occurrences were limited to a few 
hundred tons at most. 


1 Postglacial Manganese in Columbia county, N. Y., N. Y. State Mus. Bul. 
207-208, 1919, p. 85-100. 
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MARL 


Marl is an unconsolidated limestone. Its description seems to 
justify a separate article for the reason that it is quite independent 
of the hard limestones in areal distribution, has a different method 
of occurrence, and its physical properties do not permit the same 
extended uses to be made of the material as of limestone. 

Chemically marl usually ranks with the high-calcium limestones. 
The proportion of lime carbonate is often well above 90 per cent, 
that is calculated on a water-free basis. When freshly dug it has 
a large moisture content, practically equal in weight to that of the 
marl itself; the water may be dispelled by prolonged drying in the 
air or more rapidly by exposure to the higher temperature of a kiln, 
since it is all mechanically held. Admixture with a little clay is 
common, also not infrequently with sand, so that small proportions 
of silica and alumina are usually shown by analysis. The magnesia 
content seldom exceeds 1 per cent. 

The marls of New York are of recent and present day formation. 
They are found in surface depressions, associated with other uncon- 
solidated materials and especially with peat, which often occurs on 
top of the marl. Swampy areas and shallow ponds and lakes fre- 
quently contain deposits. Whenever waters accumulate on the 
surface, the dissolved lime brought in by springs and streams may 
precipitate by evaporation and escape of the solvent carbon dioxide, 
a process that is facilitated by increasing warmth of the waters. 
The lime carbonate is also abstracted by shell organisms and by 
minute plant forms. In some instances the lime is deposited directly 
by springs and streams before the waters reach the collecting basin 
as tufa or travertine, which forms an incrustation on vegetable 
growth — mosses and grasses. Marls contain more or less shell 
remains of the organisms that abound in fresh waters and these may 
constitute a considerable proportion of the deposit, if not exceeding 
in amount the granular lime. 

Occurrence. The more extensive marl deposits are in the central 
and western parts of the State. The large share which limestones 
have in the geological structure of that section contributes to their 
formation by supplying abundant calcareous material for solution 
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by ground waters. Moreover, the drift and soils of the region 
contain much lime in a comminuted and easily soluble condition. 

Marl occurs in the marshy tracts south of Onedia lake, particularly 
in Cowaselon swamp which extends west from Canastota and is 
reported to contain several thousand acres of marl, covered in most 
places by peat. The deposit reaches a thickness of 30 feet. Many 
of the swamps and lakes of Onondaga county are underlaid with 
marl; this is very generally the case in Fabius, Tully, Camillus, 
De Witt, Manlius, Elbridge and Van Buren townships. Onondaga 
and Cross lakes have marl beds. Near Warners, west of Syracuse, 
the Empire Portland Cement Co. formerly worked a deposit for 
use in cement mixture; the marl bed averaged 6 to 7 feet thick and 
had blue clay underneath, which was employed with it. The 
American Portland Cement Co. also developed a marl deposit near 
Jordan to the west of the former locality. Both plants have been 
dismantled for some time. 

The Montezuma marshes, which occupy a large area in Cayuga 
and Seneca counties, north of Cayuga lake, are in part underlaid 
with marl. A portland cement plant was established at Montezuma 
on the basis of the marl which there has a thickness of 14 feet. 

In Wayne county the Cayuga marshes which cover a part of the 
town of Savannah contain a bed of shell marl 5-6 feet deep. Other 
deposits are found near Newark and in Cooper’s swamp, town of 
Williamson. 

Steuben county has numerous marl and tufa beds. Hall’ mentions 
that they were employed for lime burning at Arkport and south 
of Dansville. In the town of Wayland beds of marl 2 to 14 feet 
thick formerly supported two portland cement plants, those of the 
Thomas Millen Co. and the Wayland Portland Cement Co. 

In southern Monroe county a marl deposit occupies a part of 
the town of Wheatland and extends south into Livingston county. 
Tufa occurs at the top in many places and below is shell marl 3 to 4 
feet thick. Another deposit occurs along Mill creek, underlying 
the marshes, and at Mumford it forms several beds. 

In Livingston county the larger deposits are around Caledonia, 
just south of the Mumford locality. The Iroquois Portland Cement 
Co. built a large works near Caledonia to utilize marl, but the plant, 
like all of those designed for the same purpose, was unable to compete 
with the plants using hard limestone. The International Agricultural 
Corporation produces agricultural marl from the deposit at this 
place. . 

There are many marl swamps in Genesee county. An extensive 


Geology of New York. Report on Fourth District, 1843, p. 484. 
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deposit occurs 1 mile west of Bergen. Around Leroy and Batavia 
several beds have been uncovered. 

In Wyoming county the bottom of Silver lake is said to consist 
in part of marl. 

In Chautauqua county Cassadaga lake and the bordering marshes 
contain marl. Both portland cement and lime have been made 
from the material, but these uses have long since been discontinued. 
Tufa and marl occur at the southern end of Chautauqua lake. 

The following localities have been mentioned in different reports 
as having marl deposits, although little is known about the extent 
of the different beds. Along Tonawanda creek and near Lockport, 
Niagara county; Clarendon, Orleans county; near Lodi, Seneca 
county; Beaver Dams, Schuyler county; Cortland, Cortland county; 
Horseheads and Millport, Chemung county; Canajoharie, Fort 
Plain and Fonda, Montgomery county; town of Cherry Valley, 
Otsego county; 4 miles south of Kinderhook, Columbia county; 
town of New Baltimore, Greene county; and towns of Rhinebeck, 
Northeast, Amenia, Pine Plains, Stanford and Red Hook, Dutchess 
county. A deposit in Round pond near Sharon Station, Dutchess 
county, was worked a few years ago, and other occurrences in this 
section have been exploited at different times for the supply of 


a icultural lime. 
Analyses of New York marls 
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a. Alkalies. 6. Includes CaSO 2.01 d CaSO, 3.48. 


1 Montezuma, Cayuga county. Mineral Industry, v. I, p. 52. 

2 Caledonia, Livingston county (used by Iroquois Portland Cement Con): 

3 Warners, Onondaga county (used by Empire Portland Cement Co.). 

4 Idem. 

5 Wayland, Steuben county (used by Thomas Millen Co.). 

6 Three miles east of Mumford, Monroe county. N. Y. State Mus. Bul. 
44, D- 793. 

7 Mumford, Monroe county, calcareous tufa, op. cit. p. 797. 

8 One mile west of Bergen, Genesee county, op. cit. p. 785. 

9 Canastota, Madison county, op. cit. p. 794. 

10 Jordan, Onondaga county (used by American Portland Cement Co.) 
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Uses. Lime and portland cement may be made with marl in the 
place of hard limestones. The possibilities of utilizing the extensive 
deposits of the State for these purposes have received a good deal of 
attention, but no attempt along this line has proved commercially 
successful in the long run. The main drawback to such employment 
is the large proportion of dead weight that has to be reckoned with 
in the excavation and handling of the material. On this point the 
following statement from a paper by J. C. Russell! is of interest: 
‘““As has been determined by E. D. Campbell 1 cubic foot of wet 
marl as it usually occurs in the natural deposits contains 47.5 pounds 
of marl and 48 pounds of water.” Eckel states? that in making 
cement from a mixture of marl and clay, it is necessary to excavate 
and transport over 1ooo pounds of raw material for each barrel 
(380 pounds) of finished cement. The evaporation of this mositure 
involves either a long period of exposure to the air or else an expendi- 
ture of heat in kiln drying which is very large. 

The manufacture of lime from marl requires that the latter be 
briquetted before entering the kiln, and this necessitates the evapora- 
tion of most of the moisture. The employment of marl in this way 
does not appear economically practical except in places where suitable 
limestones are not to be had. 

The purpose for which marl seems best adapted is for the improve- 
ment of soils, in which use it takes the place of crushed limestone 
and calcined lime. It may be regarded no doubt as quite the equal 
of crushed limestone for application on land since it is in sufficiently 
fine condition to be soluble, at least slowly, in the soil waters and in 
respect to content of the calcium oxide, the effective base, it is supe- 
rior to most limestones. The wide distribution of marl makes this 
source of agricultural lime available in many places where suitable 
limestones do not exist. Another factor in its favor is that the devel- 
opment of a marl deposit is relatively inexpensive as compared with 
cost of opening a quarry. Although very little marl is now produced 
for this purpose, the total output amounting only to a few thousands 
of tons a year, the wider use of this resource would both be an economy 
and an advantage to agricultural interests. 


References 


Hall, James. Geology of New York. Report on Fourth District, 1843 
Marshall, W. B. Report on Deposits of Marl and Peat in the Town of New 
Baltimore, Greene county. N. Y. State Mus. 45th Ann. Rep’t, 1862, p. 45-52 


1U.S. Geol. Surv. 22d Ann. Rep’t, pt 3, p. 657. 
2U. S. Geol. Surv. Bul. 522, p. 59. 


MINERAL RESOURCES OF THE STATE OF NEW YORK 149 


Ries, H. & Eckel, E. C. Lime and Cement Industries of New York. N. Y. 
State Mus. Bul. 44, 1901 
Vanuxem, Lardner. Geology of New York. Report on Third District, 1842 


MICA 


The production of mica has never attained the basis of a settled 
industry in this State, although small quantities are extracted from 
time to time in an experimental way as a secondary product in the 
mining of other minerals. The occurrences illustrate the general 
types of deposits which have commercial importance elsewhere as 
sources of mica and are distributed over the two great crystalline 
rock areas of the Adirondacks and the southeastern Highlands, 
being found in Orange, Putnam and Westchester counties in the 
Highlands, and in Saratoga, Essex, St Lawrence, Jefferson, Herkimer 
and other counties in the northern area. It is the purpose of the 
present article to give some particulars regarding the character and 
economic features of the deposits which hitherto have received little 
more than casual attention. 

Mica is a general term for a group of minerals, of which three 
varieties find commercial use. These include muscovite, biotite and 
phlogopite. Muscovite is often called white mica, in allusion to 
its transparent quality, but it is not necessarily light or highly 
transparent, though the best commercial kinds are thus character- 
ized. Some muscovite from the Adirondack pegmatites has a 
smoky gray color, nearly as dark as some examples of biotite. Chem- 
ically it contains potassium and sodium as basic elements, and is 
therefore an alkali variety. Buiotite, as a rule, has a dark brown to 
nearly black color, but occasionally is sufficiently light to be trans- 
parent in thin sheets. Iron is present in considerable amounts and 
with the dark color renders it unsuitable for many purposes. Phlogo- 
pite is a magnesian variety, containing no iron, but less transparent 
usually than the best muscovite. Its color is amber or yellow, 
sometimes red or of a greenish tinge. It is employed for the same 
purposes as muscovite, but seems to be even preferred to the latter 
in electrical work. The distinction of the different varieties of mica 
when not apparent from outward appearance requires the use of a 
polarizing microscope, supplemented possibly by chemical tests to 
determine the nature of the basic elements. 

Muscovite and biotite are allied in their occurrence, both being 
important ingredients of the crystalline silicate rocks such as granite, 
and many gneisses and schists. Typical granite contains both 


150 NEW YORK STATE MUSEUM 


varieties. The commercial sources of the two minerals, however, 
are limited to pegmatites, those modifications of granite in which 
the minerals are coarsely crystallized and irregularly distributed. 
Pegmatite is found in rather limited bodies, usually in dikes or 
lenses, which have intrusive relations with the country formations, 
more rarely as irregular masses within normal granites. The dikes 
or lenses range from very small examples, a few inches or a foot or 
two thick, up to bodies several hundred feet in diameter and of much 
greater length. They afford feldspar, quartz and other commercial 
materials in addition to mica. 

Phlogopite is seldom if ever found in granite pegmatites, but its 
occurrence in New York is practically restricted to crystalline lime- 
stones where it appears to represent a secondary product of meta- 
morphism, probably in most cases as a result of contact influences 
exerted by igneous intrusions. It is associated with such other 
minerals as amphibole, pyroxene, wernerite, tourmaline, fluorite, 
titanite and apatite. The mineral association varies from place to 
place and the occurrence of phlogopite is quite irregular or bunchy, 
or else restricted to a definite part of the contact zone. According 
to the report of Cirkel,! the commercial phlogopite deposits of 
Canada are associated with pyroxene which penetrates country 
gneisses and limestones in the form of dikes, the pyroxene being 
regarded as an igneous rock. There is no resemblance to such 
conditions in the Adirondack occurrences, though pyroxene is a 
frequent accompaniment of the mica. The minerals rather have 
resulted from a conversion of the limestones by mineralizing solu- 
tions and vapors given off by granite intrusions, and they gradually 
disappear with increasing distance from the contacts, giving way to 
normal crystalline limestones. There is little regularity in the shape 
of such contact zones; in fact a highly irregular form may be said 
to be the prevailing one. Their nature and mineral content are 
even more variable than in the case of pegmatites. 

The working of mica deposits in this State, as well as in most 
sections of the country, has been a rather uncertain business. Of 
necessity, it involves small-scale individual operations. The tech- 
nical difficulties surrounding the industry are such that they do not 
admit of the methods employed in other branches of mining and the 
adoption of labor-saving devices that might tend to reduce costs. 
Labor conditions, therefore, exercise a great influence upon the 
course of mining operations. The principal mining activity in this 
country at present is in North Carolina, where according to the 


1‘ Mica, Its Occurrence and Uses.’’ Mines Branch, Department of the 
Interior, Ottawa, 1905. 
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article by Sterrett in Mineral Resources for 1912, volume 2, there 
are probably as many as a nundred separate mines and prospects, 
many worked by farmers in the off-season of their labors. As the 
entire output of the country in recent years has been well under 
$400,000 annually, the average outturn from the individual mines 
evidently is very small. India contributes most of the mica con- 
sumed in the United States, though Canada is an important source 
of the electrical grades. It has been stated (Mineral Industry for 
1912) that the cost of labor in the production of mica in India is 
about one-sixth of the labor cost in the domestic mines. 

The quality of mica depends upon a great many factors which 
can be estimated accurately only by the expert. Of the three vari- 
eties, biotite has more limited use than the others and the market 
does not warrant mining operations for its production alone. It is 
obtained mainly as a by-product in the working of pegmatites for 
feldspar. Owing to its iron content it is not much used for electrical 
insulation, which is the principal application for the colored micas. 
Muscovite, having the greatest transparency, is preferred for glazing 
and for lamp chimneys, shades and similar purposes. The larger 
sizes only can thus be used. For electrical insulation™ in motors 
and dynamos, phlogopite seems to find the most favor, on account 
of the softer nature of that variety, it is said. Much of the electrical 
mica is used in the form of “ micanite,’’ which consists of small 
sheets cemented and compressed into boards. The presence of 
inclusions of iron oxid, usually magnetite, which is quite common 
in muscovite and phlogopite, is stated by Sterrett to have no injurious 
effect upon the quality of the electrical mica. 

Much of the mica as found in pegmatites and contact zones, even 
when in large crystals, can not be used in sheet form on account of 
the numerous fractures and lines that traverse the surfaces. There 
is great variation in the splitting quality of mica from different 
places, some examples cleaving readily and cleanly even to very 
thin sheets and others showing a splintery surface. The average 
size of sheet that can be obtained largely determines the value 
of a deposit, since the prices rapidly decrease with the size. The 
waste in the splitting is sometimes turned into use by converting 
it into ground mica for which there exists a more or less ready 
market in the making of lustrous coated papers, lubricants and 
insulating materials. 

Field Occurrence 


Orange county. Phlogopite of greenish color is found in a pyrox- 
ene rock near Lake Mombasha, town of Monroe. The locality 


152 NEW YORK STATE MUSEUM 


is mentioned by Beck in the reports of the First Survey as being 
on the bank of the stream flowing from ‘‘ Mount Basha” pond, 
near the Forshee iron mine. It is a contact deposit in limestone 
of which there are exposures in the vicinity of the mine mentioned 
and also farther north around the opening of the O’Neil mine. 
Amphibole, pyroxene, garnet and probably magnetite bodies them- 
selves are accompanying results of the contact action. The occur- 
rence is mentioned by Whitlock’ as having been worked in 1903. 
Sheets have been mined that measured as much as three feet in 
diameter. 

Warwick. According to Whitlock? muscovite occurs near Green- 
wood lake, 8 miles southwest of Warwick, in'a pegmatite vein, the 
plates reaching a foot in diameter. There are numerous other 
occurrences of muscovite in this vicinity, as pegmatite has a wide 
distribution in the crystalline areas of the Highlands. 

Westchester county. A deposit of mica near Pleasantville was 
at one time the object of mining operations. The occurrence is 
in pegmatite and the mica belongs to the muscovite variety. The 
sheets contain magnetite inclusions. 

Muscovite is found in considerable quantity in parts of the Kinkel 
feldspar quarry at Bedford, but is not of commercial quality, except 
possibly for ground mica. 

Putnam county. The occurrences in this county have not afforded 
any commercial mica so far as known. 

Essex county. Mica is found in the pegmatite bodies at Crown 
Point and Ticonderoga now worked. ‘The chief variety is biotite. 
Occasional shipments of scrap mica recovered in the milling of 
feldspar are made by the Crown Point Spar Co. The material is 
ground and used in paint. 

Large crystals of biotite have been taken from various localities 
in the town of Keene. 

Saratoga county. A pegmatite body about 2 miles north of 
Batchellerville, town of Edinburg, was worked some years since 
by the Claspka Mining Co. for feldspar. Several tons of muscovite 
were taken out in the course of the operations, the mineral occurring 
in the spaces between the larger feldspars, or intergrown with the 
latter. The crystals measure up to a foot or more in diameter and 
half that in thickness, many bearing very perfect prismatic bound- 
aries. Inclusions of magnetite arranged in regular lines are frequent. 


1 Minerals not Commercially Important, N. Y. State Geologist 23d Ann. 


Rep’t, 1903, p-. IQ1. 
2 Op. cit. 
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The muscovite has little value for sheet cutting, being much fractured 
and splintery. 

Biotite in sheets up to 2 feet across are also found here. 

Warren county. A pegmatite occurrence near Chestertown has 
been under development at different times and has afforded small 
quantities of commercial mica, including muscovite and: biotite. 
The locality is mentioned in the Mining and Quarry Report for 
1giz under the head of Feldspar, which is also present in marketable 
quality. It is 3 miles south of Chestertown on the ridge to the 
east of the Warrensburg road. Two openings were made over 15 
years ago, and in 1913 further work was carried on by C. A. Williams 
who informed the writer that he secured some merchantable book 
mica and plans to continue operations during the current season. 
The main opening is a pit 15 feet wide extended for 75 or 80 feet 
along the course of the pegmatite which strikes northeast. The 
full size of the body could not be ascertained at the time the writer 
visited the locality as only the easterly wall was exposed. The 
pegmatite is a coarse aggregate of white microcline, quartz and 
mica. Biotite seems to be chiefly represented near the outcrop, 
but Mr Williams states that recent work has uncovered muscovite 
in larger amount. The books run to a foot or so in diameter and 
usually show fractures or rulings. Black tourmaline occurs sparingly 
in the quartz and feldspar, but it would appear that feldspar of 
pottery grade may be obtained with a little sorting. A smaller pit 
lies to the north of the other, the result of the earlier operations, 
and is thought to be on the same pegmatite body, in which case 
the occurrence must be quite extensive. 

Jefferson county. Yellow mica, probably phlogopite, is found in 
large plates near Henderson. Muscalonge lake, town of Theresa, 
has afforded fine examples of crystallized phlogopite of brown color, 
but in small individuals. 

St Lawrence county. Some fine examples of phlogopite crystals 
in the State Museum are recorded as having been collected from 
Somerville. Perfect six-sided prisms unmarked by fractures or 
rulings and of brown color have a diameter of 12 inches. ‘The exact 
locality is not given, but it may be the same mentioned by Beck as 
2 miles north of Somerville, with limestone and serpentine as the 
gangue materials. Judging from the samples, the occurrence is of 
unusual interest. 

Small quantities of mica have been obtained from the town of 
Fine, 2 miles north of Oswegatchie. Good sheets of reddish phlogo- 
pite were shown to the writer as coming from that locality. The 
last work on the deposit was in 1909. 
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Muscovite is found in Edwards associated with the fibrous talc. ’ 
It is not, however, of commercial importance. 

St Lawrence county may be regarded as one of the more favorable 
sections for the occurrence of commercial grades of mica. Granite 
intrusions of great size have taken place at different times in the 
Precambrian and on their borders may be found dikes and lenses of 
pegmatite, intersecting the older gneisses and schists. Since the 
intrusion of the pegmatites there has been no great disturbance from 
regional-metamorphic forces so that the mica is little fractured in 
most occurrences, whereas the pegmatites in the central Adirondacks 
often show the effects of severe compression. The pegmatites carry 
both muscovite and biotite. The numerous contacts of limestone 
and granite afford favorable conditions for the occurrence of 
phlogopite, which, as stated, is found here and there in specimens 
of commercial quality, though the real importance of the deposits 
has never been adequately tested. The geological relations in this 
part of the Adirondacks are very similar to those in the mica-mining 
districts of Canada. 

MILLSTONES 


The production of millstones or burstones is carried on in a 
small way in the Shawangunk mountain area from the grit which 
outcrops along the northern edge of the ridge. The industry has 
been established a long time and for many years enjoyed prosperous 
conditions through the extensive sale of the product for cereal mills. 
This market has been gradually curtailed within the last quarter 
of a century or more by the introduction of the roller mill process 
for making flour, although some mills still retain burstones for 
grinding the coarser cereals. At present the quarrying and shaping 
of the stones gives employment to a small number of men who 
engage in it during a few months of the year when not otherwise. 
employed. The product is sold chiefly among the small corn mills 
in the south. Besides millstones, the quarries also turn out disks 
of stone which are called chasers and are employed in the roll type 
of crusher, the disks revolving on edge in a circular pan that is 
sometimes paved with blocks of the same stone. This type of 
crusher is used more or less in the pulverization of materials like 
quartz, feldspar, barytes and mineral paints. 

Occurrence of grit. The Shawangunk grit is a hard firmly 
cemented pebbly sandstone of light gray color. The beds range 
from 50 to 200 feet, thinning progressively toward the northeast. 
The. layers differ in texture, ranging from a medium-grained sand- 
stone or quartzite to a coarse conglomerate in which the individual 
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pebbles reach a diameter of 2 inches or so. The pebbles consist 
of milky white quartz such as occurs commonly in veins and are 
fairly rounded, showing considerable abrasion during the stage of 
their accumulation and deposition on the shores of the interior sea 
on which the beds were laid down. 

The cementing substance of the grit is white silica which forms 
a matrix for the grains but does not wholly fill the voids; thus 
producing the bur or cutting surface characteristic of the millstones. 
The grit is nearly pure quartz and has found application in years 
past for glass manufacture. 

Shawangunk mountain extends from the vicinity of High Falls 
near Kingston southwest into New Jersey and Pennsylvania and is 
capped by the grit beds which overlie the Hudson River shales, 
the whole dipping steeply to the northwest. Material suited to 
millstone manufacture occurs here and there along the slope of the 
ridge, in the section between Kerhonkson and High Falls. Some 
of the localities where extensive quarry operations have been carried 
on are Kyserike, St Josen, Granite and Kerhonkson. In addition 
New Paltz and Kingston have been identified with the industry 
as shipping centers. 

Quarry methods. The quarry operations are simple and require 
little equipment, as the amount of stone handled is relatively 
small. The layer or layers of desirable quality are uncovered by 
stripping of the overlying soil and rock, and then lifted out by bars 
and wedges, perhaps assisted by light charges of powder to loosen 
them from the bed. Blasting, however, is avoided as much as possible 
lest the stone be weakened. The size of the block is determined 
by the spacing of the natural joint planes. The block when removed 
from the bed is roughly squared up and then worked into a disk 
with the aid of hand hammer and point. The last operation is to 
drill the center hole or eye. This is usually done by starting a 
hole in the center of one of the sides and drilling half way, then 
reversing and cutting a second hole on the opposite face to meet 
the first. The round eye thus formed may be squared up. The 
dressing or grooving of millstones is not done at the quarry. Mill- 
stones are sold in pairs. 

Production. Considerable difficulty is encountered in obtaining 
information about the production of millstones. Values of course 
are dependent upon the quality and size of the stones and the quarry 
prices range all the way from $2.50 to $3 for the smallest size, an 
18-inch stone, to $75 or more for an 84-inch stone which is about 
the maximum size that is used. The quarrymen may sell the whole 
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or part of their year’s product to local middlemen who sometimes. 
work quarries of their own. In the last decade the average pro- 
duction has been less than $20,000, although in earlier years it often 
exceeded $100,000. The statistics herewith include the output of 
chasers as well as millstones. 


Production of millstones since 1904 
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MINERAL PAINTS 


Natural mineral pigments are referred to here, such as are made 
by the physical preparation of an ore or mineral aggregate. They 
constitute only a part of the products of the paint industry in general 
prepared from mineral bases, as the more important branch is that 
of manufacturing lead pigments. These require elaborate chemical 
operations upon which depends the particular coloring quality of 
the pigments, and all the metallic lead thus used is derived from 
sources outside of the State. In making the natural pigments, on 
the other hand, the mineral materials are simply washed or ground 
to secure the desired degree of fineness, with a resort to calcination 
in some cases to improve the color. 

The raw materials or bases of the natural mineral paints that 
occur in New York include iron ores, shale or slate, and ochers. 
In all the principal coloring agent is an iron compound and usually 
the ferric oxide, hematite, or the ferric hydrate, limonite. Reds, 
browns and yellows are the common colors produced. 

Metallic paint may be made from hematite of earthy or massive 
nature, or from limonite. It is also prepared by calcination of 
siderite, ferrous carbonate or spathic iron ore, of which the natural 
gray color changes to red in the operation through the conversion 
of the carbonate into hematite. The iron sinter from the roasting 
of pyrite in acid manufacture is also sometimes employed for the 
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purpose. The iron ore pigments have good covering power and are 
resistant to atmospheric influences; they are largely used for outside 
work in coating wood and iron structures and metal roofs. 

The principal material for metallic paint that occurs in the State 
is the Clinton hematite, which is mined quite extensively for iron 
ore. There are two kinds of the ore — the odlitic variety that occurs 
in the section about Clinton, Oneida county, and the fossil ore 
from the western part of the belt in Wayne county. The former 
has a silica base, the latter a carbonate one, and the ground product 
of each has a somewhat different color and quality. The manu- 
facturing operations consist of roasting to get rid of the moisture 
and volatile matter and grinding to fine powder. The product is 
mostly sold in dry state. 

The red hematite from the St Lawrence—Jefferson county district 
has been employed for metallic paint to a small extent. This ore 
differs from the Clinton hematite in its structure, being finely divided 
and without odlitic or fossil characters. Much of it is too hard 
for paint, but some deposits yield soft material which can be ground 
successfully. The paint stock has been produced mainly at Rossie, 
St Lawrence county. 

No metallic paint is being made at present from limonite or 
carbonate ores, although these occur in quantity in southeastern 
New York. Limonite gives a brownish yellow color; the carbonate 
a red which is brought out by calcination and differs somewhat 
from the red of natural hematite. 

Mortar colors are prepared from the same materials as metallic 
paint. They are used in tinting mortar, concrete and artificial 
stone. 

Some kinds of slate and shale possess decided colors by reason 
of the iron oxides they contain, as well as suitable textures for 
grinding into paints. Such slate pigments, as they are known in 
the trade, have a weaker coloring capacity than the ground ores, 
although they may contain enough iron to give a close resemblance 
to metallic paints. They yield a somewhat wider variety of tints, 
being found in purple, bluish gray, red, brown and even black 
colors, the last being the result of admixed carbonaceous matter. 
They have an argillaceous base like ocher, but contain less water 
and are more compact. 

The principal material used for slate pigment is the Cambrian 
red slate of Washington county, well known as a roofing slate and 
possessing a durable deep-red color. There are quarries of it in 
Granville and Hebron townships. The waste material from the 
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spoil banks is used for grinding and it is to be had in practically 
unlimited supply. Lately, the material is being utilized for making 
prepared roofing as well as for pigment. The red color comes from 
hematite in finely divided condition and as coating of the quartz 
and silicates which make up the body of the slate. The slate is 
hard and contains very little water. Shales that are intermediate 
between slate and clays in hardness occur in the Silurian and 
Devonian beds. At Roxbury, Delaware county, an occurrence of 
red shale in the Catskill series has supplied material for paint. 
Another source is the red Vernon shales which have been worked 
in Herkimer county. In the Chemung formations of Cattaraugus 
county occur red, brown and bluish shales that have been worked 
in the vicinity of Randolph. 

Ocher, a limonitic clay, is formed by the surface weathering of 
iron-bearing rocks of various kinds, chiefly limestones. It is not 
plentiful in New York owing to the fact that the residual materials 
of rock decay have been mostly swept away by the Pleistocene 
ice-sheet. An occurrence on Crane mountain, Warren county, 
represents one of the few deposits of residual clays that escaped 
erosion by its protected position in a deep notch. It was worked 
years ago, but little is known as to the operations, and the pits are 
now inaccessible. 

Ocherous clay occurs as a cover to some of the limonite deposits 
of Dutchess and Columbia counties; its quality for paint purposes 
has not been investigated so far as can be learned. 

Sienna is a variety of ocher that contains manganese oxide in 
addition to limonite and has a brown color, darker than ordinary 
ocher, but lighter than umber. The only recorded occurrence of it 
is near Whitehall, which was worked for a short time 10 years or 
more ago. The deposit consisted of a seam in the surface clays 
and was said to have been exhausted. 


MINERAL WATERS 


The production of mineral and potable spring waters for public 
sale constitutes an important branch of the mineral industry of 
the State, though perhaps seldom considered in that light. Not 
only is a large revenue derived from the bottling and shipment of 
such waters, but some of the spring localities by virtue of their 
waters have become favorite resorts for tourists and health seekers 
and thus become indirect sources of income of large importance. 
Saratoga Springs, Ballston Springs, Richfield Springs, Sharon Springs 
and Lebanon Springs are among the number that will be first called 
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to mind in such connection. They illustrate also the variety of 
waters which are to be found within the State limits. Numerous 
other springs are more particularly adapted for table use containing 
only sufficient mineral matter perhaps to give them a saline taste. 
Both kinds of water are generally carbonated and sold in bottles. 

Of late years there has developed an important business in the 
sale of spring waters which can hardly be classed as mineral in the 
common acceptance of the word, but which are extensively sold 
for office and family use in the larger towns and cities. Their 
employment depends upon their freedom from harmful impurities 
in which feature they are generally superior to the local supplies. 
In so far as waters are an article of commerce they may well be 
included in a canvass of the mineral water industry. They are 
usually distributed in large bottles or carboys in non-carbonated 
condition. 

Character of the mineral waters. Among the spring waters that 
contain mineral ingredients in appreciable quantity, those character- 
ized by the presence of alkalies and alkaline earths are the most 
abundant in the State. The dissolved bases may-exist in association 
with chlorine and carbon dioxid as in the springs of Saratoga county 
or they may be associated chiefly with sulphuric acid as illustrated 
by the Sharon and Clifton springs. The mineral waters of Saratoga 
Springs and Ballston Springs are found along fractured zones in 
Lower Silurian rocks. The reservoirs occur usually in the Trenton 
limestone and are accompanied by free carbon dioxide which is 
evolved in large amount when the waters are led to the surface 
and the pressure released. In addition they contain chlorine, 
sodium, potassium, calcium and magnesium in variable amounts. 
The proportion of solid constituents in the different waters varies 
from less than too to over 500 grains a gallon. In some of the wells 
of the Saratoga springs the waters contain as much as five or six 
volumes of carbon dioxide, the gas being so abundant that its collec- 
tion and distribution was at one time an industry of considerable 
importance in that vicinity. Large quantities of table and medicinal 
waters are bottled at Saratoga for shipment to all parts of the 
country. 

The waters at Richfield Springs contain the elements of the 
alkalies and alkaline earth groups together with sulphuric acid 
and smaller amounts of chlorine, carbon dioxide and sulphureted 
hydrogen. They are employed for medicinal baths as well as for 
drinking purposes. The springs issue from the drift and their 
source is apparently along the contact of the Onondaga limestone 
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and Marcellus shales. Sharon Springs is situated to the east of 
Richfield Springs and near the contact of the Ordovician and 
Silurian strata. Clifton Springs, Ontario county, and Massena 
Springs, St Lawrence county, are among the localities where 
sulphureted waters occur and are utilized. 

The Oak Orchard Springs in the town of Byron, Genesee county, 
are noteworthy for their acid waters which contain a considerable 
proportion of alumina, iron, calcium and magnesium besides free 
sulphuric acid. Waters highly charged with calcium chloride are 
sometimes encountered in deep wells drilled within the area of the 
rock salt deposits which underlie much of the area to the west and 
south of Oneida lake. These waters are employed at one or two 
places for medicinal baths. 

The Lebanon spring at Lebanon, Columbia county, is the single 
representative in theState of the class of thermal springs. It has a 
temperature of 75° F. independent of seasonal variations and is 
highly charged with carbon dioxide and nitrogen. ; 

Ordinary spring waters. The greater quantity of spring waters 
consumed in the State belongs to the nonmedicinal, noncarbonated 
class represented by such springs as the Great Bear, Deep Rock, 
Mountain View, Sun Ray, Chemung etc. The waters are obtained 
either from flowing springs or artesian wells and are shipped in 
carboys or in tank cars to the principal towns and cities where they 
are bottled and distributed among the individual consumers. The 
essential feature of such waters is their freedom from noxious 
impurities. This is generally safeguarded by the care in the handling 
of the waters, which may be also regularly examined as to purity 
by chemical laboratories. 

List of springs. The following list includes the names of localities 
of most of the springs in the State that are employed commercially 
or have been so employed in the past. 


NAME LOCALITY 
Baldwin Mineral Spring................ Cayuga, Cayuga county 
Coyle & Caywood (Arrowhead Spring)... Weedsport, Cayuga county 
DiamondeRocke Spree nn ane nar ene ee Cherry Creek, Chautauqua county 
@assadasane (RP vere hte ebn ee. ees segs Stockton, Chautauqua county 
Breesport Oxygenated Spring. .......... Breesport, Chemung county 
Breesport Deep Rock Water Co......... Breesport, Chemung county 
@hemune Valleys yo hes ae tee Elmira, Chemung county 
Deep pRo ek. aa rap PRM cs ct <fale ssrs5 Breesport, Chemung county 
Chemune Spring WatemCo..c...-.-5.-- Chemung, Chemung county 
WY LES LL NAOT Semen Ge nel aes P EU: Norwich, Chenango county 


Dietade twee CHAGR 4. Ao ee Ae Keeseville, Essex county 
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NAME 
Keeseville Mineral Spring 
Lebanon Mineral Springs............ 
Greendale Crystal Springs 
Mount Washington Spring 
irespuriopring Seeks LS 
Arlington Spring 
Mount Beacon Spring 
Mount View Spring................ 
Monarch Spring Water Co 
Elk Spring Water Co 
Aldena Park 


Sparkling 
Oak Mountain 


Oasis Cold Spring 
McManus 


ee 


Nunda Mineral Springs 


Table Rock Mineral 
Garden City Well 
Sagamore 


(Gilet NUS ets) ores ee eee eae ee 
Lithia Polaris Spring 
F. H. Suppe (Franklin Lithia Springs) 
OrvallewRisley wera. Sues She PL 
Wolds parities pyle: ay VE del bore nncyy ME: 
EIS RSH ARO YS : eeu Is SARS 
Split Rock Lithia 
Warner Artesian Well 


Geneva Mineral Water Springs....... 
Orange) Great ROCK 40045 ose 
Crystal Spring 
WeeprRockiSpringe 6 5 ia. seem eee 
ET eaLMseatOphing th fee) ee. 
Richland 


IV AmpA ET eeketie Pern ie eis te 
PaaletSprings ee) Whee NOUS... 
NV AITTERE Cato secu ttenty te oo ee ieee 


Mohawk Springnads Otanekin waka telas 


Clinton Lithia Springs, Inc.......... 


ee 
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LOCALITY 


Keeseville, Essex county 
Lebanon, Columbia county 
Livingston, Columbia county 
Hillsdale, Columbia county 
McGraw, Cortland county 
Arlington, Dutchess county 
Mount Beacon, Dutchess county 
Poughkeepsie, Dutchess county 
Beacon, Dutchess county 
Lancaster, Erie county 

Alden, Erie county 

Lancaster, Erie county 

Buffalo, Erie county 

Dolgeville, Fulton county 
Tupper Lake, Franklin county 
Edgewood, Greene county 
Batavia, Genesee county 

Bergen, Genesee county 
Jefferson county 

Fine View, Jefferson county 
Alexandria Bay, Jefferson county 
Omar, Jefferson county 
Crystaldale, Lewis county 
Lowville, Lewis county 

Nunda, Livingston county 
Amsterdam, Montgomery county 
Honeoye Falls, Monroe county 
Garden City, Nassau county 
Oyster Bay, Nassau county 
Franklin Springs, Oneida county 
Washington Mills, Oneida county 
Boonville, Oneida county 
... Franklin Springs, Oneida county 
New York Mills, Oneida county 
Utica, Oneida county 

Sauquoit, Oneida county 
Franklin Springs, Oneida county 
Franklin Springs, Oneida county 
Westmoreland, Oneida county 
Geneva, Ontario county 
Middletown, Orange county 
Whitesboro, Oneida county 
Oswego, Oswego county 

Fulton, Oswego county 

Richland, Oswego county 
Richfield Springs, Otsego county 
Ren-sealer, Rensselaer county 
North Greenbush, Rensselaer county 
East Greenbush, Rensselaer county 
West Sand Lake, Rensselaer county 
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NAME LOCALITY 
ideals 4. saa vee sien Gh. at Tiedt: 5s. Troy, Rensselaer county 
Plymouthy terse sich). een! 25. y: North Greenbush, Rensselaer county 
standard Ay prk eee}. ONCE Boe clos Troy, Rensselaer county 
Carriers. YAS SSS STE, | Potsdam, St Lawrence county 
Madrid tinachantSpriaae ech ne eee Le. Madrid, St Lawrence county 
Massena Springs mae teins: miaeiiiise ec Massena, St Lawrence county 
Jauaussienal Jindaney Syorabiler sa) 4 yhy es haa ae. Ballston Spa, Saratoga county 
Comstock Mineral Spring.............. Milton, Saratoga county 
Mohican Sprincwe, pen ena oe eiamee cor Ballston Spa, Saratoga county 
Arondack Sprimamnne etn ¢ tere ace. Saratoga Springs, Saratoga county 
Hathorn Nos. 1 and 2)Springs....2..... Saratoga Springs, Saratoga county 
CoésaxsSpringen sae eRer Uae. S23: Saratoga Springs, Saratoga county 
Geyser, Spring sc: lace reel eeu os Saratoga Springs, Saratoga county 
Minnonebe\Spriny gyeiaeek. ots spinels 5 5 - Saratoga Springs, Saratoga county 
Orendai Springer Aad. Pee. Saratoga Springs, Saratoga county 
Saratoga Gurmmspritiaseey sane a Saratoga Springs, Sara‘oga county 
Saratoga Vichiispringaneer fl nseee see Saratoga Springs, Saratoga county 
Old Miron. con. wie eR ae eS foe? Ballston Spa, Saratoga county 
Congress NO: 23 2-5 ASEM ARYL: 2c. Saratoga Springs, Saratoga county 
Berndelle sqices oda). Waa, Bon, i). Saratoga Springs, Saratoga county 
Chalybeate\Sprineee ae. oes e. a. Sharon Springs, Schoharie county 
Bye Water Springer hy Mee heen. Hae Aleta Sharon Springs, Schoharie county 
Sulphur-Magnesia Spring............... Sharon Springs, Schoharie county 
Wihite: Sulphug Spring sean sere el Sharon Springs, Schoharie county 
IRedijacket.s paiagi ser ites eee cic Seneca Falls, Seneca county 
PleasamibaValley2om tala. fae AS 5.5 < Rheims, Steuben county 
Setatikebtopriner ash. sales SYA Peete ns a2 Setauket, Suffolk county 
Ithaca yA TT a tak si! Ithaca, Tompkins county 
Blixir Springhwaeenk SORE.) Clintondale, Ulster county 
Pine Hill Crystal Spring Water Co...... Pine Hill, Ulster county 
Sune Ray Sprint) Pi. eels, 5: Ellenville, Ulster county 
Vata S pring eters eine berets ole Fort Edward, Washington county 
Vermont Mineral Spring.) 42iasv..... Granville, Washington county 
Briarcliff Lodge Association............. Briarcliff Manor, Westchester county 
Gramatan Spring Water Co............ Bronxville, Westchester county 
Granite) Sprites snes 2 ae ot. Granite Springs, Westchester county 
OrchardiSprneiAs Lye ewes... . Yorktown Heights, Westchester 
county 
Mokobomsprineg wants titi het: 2) Mount Kisco, Westchester county 
Skenorock Springer. semis) Peay 5. Baldwin Place, Westchester county 
References 
Kemp, James F. The Mineral Springs of Saratoga. N. Y. State Mus. Bul. 


159, 1912 
Peale, Albert C. Mineral Springs of the United States. U. S. Geol. Surv. 
14th Ann. Rep’t, 1894 
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MOLYBDENITE 


This mineral has not been mined in New York but it occurs in 
a number of localities and possibly may be present somewhere in 
economic quantity. It is the principal ore of the rare metal molyb- 
denum, for which a demand has developed of late in connection with 
the manufacture of alloy steels for special uses. One of the applica- 
tions of molybdenum steel is in the lining of heavy ordnance; it is 
said to be more resistant to erosion from the gases of high explosives 
than other kinds of steel, and guns so lined consequently give pro- 
longed service. Molybdenite is a sulphide (MoS) and bears a 
striking resemblance in physical characters to graphite. It is soft, 
of lead gray color and occurs in small scales and thicker plates, 
rarely showing hexagonal outlines. Its streak on glazed porcelain 
has a greenish tint quite distinct from the grayish black graphite, 
the best physical test for its recognition. 

Molybdenite has a fluctuating market, but ordinarily is in request 
at prices which make a deposit of economic interest that carries 
only 1 or 2 per cent of the mineral. A deposit of this kind should 
be large and the ore amenable to concentration without excessive 
loss of the valuable mineral. Owing to its softness, molybdenite 
crushes readily into powder and then is separated with difficulty. 
Flotation has been applied successfully to ores containing dissem- 
inated molybdenite, such as are mainly represented in this State. 

The mineral is found in various associations, but more especially 
with granitic rocks and their offshoots and along contacts between 
granite and limestone. Several! localities for its occurrence have 
been listed by Whitlock!, as follows: Manhattan Island, between 
43d and 44th streets and First and Third avenues, in mica schist; 
West Point, Orange county, in gneiss; Constitution island (Hudson 
river off West Point) in gneiss; Warwick, Orange county, in lime- 
stone; Tilly Foster mine, near Brewster, Putnam county, in serpen- 
_ tine; North Russell, St Lawrence county, gneiss-limestone contact. 
Of these localities the one in New York City is no longer accessible. 
From what has been learned indirectly it is evident that the West 
Point, Constitution island and Warwick occurrences have little or 
no interest except from a collector’s standpoint. At the Tilly Foster 
mine molybdenite occurs sparingly as a contact mineral in meta- 
morphosed limestone and is no longer to be found except in the waste 
dumps of the former workings. 

The Russell locality, about which little was previously known, was 
visited in 1917 by A. F. Buddington, who communicated to the 


1 New York Mineral Localities. N. Y. State Mus. Bul. 70, 1903. 
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writer the following account of it. “The molybdenite is found in a 
_ green pyroxene rock which has been prospected in a small way for 
copper. There are few indications of copper, although the rock 
carries considerable pyrite in thin lenticular bands. Molybdenite | 
occurs in disseminated flakes and aggregates of flakes, some of which 
attain a size of an inch or so in diameter and an eighth of an inch 
thick, but mostly are much smaller. The mineral seems to be 
rather sporadic, and at best too sparsely represented to justify 
mining operations. The occurrence belongs to the contact type, as 
the pyroxene country rock is the result of alteration of limestone by 
granite, being in fact enclosed by a body of granite gneiss that no 
doubt has been the agency of metamorphism and introduced the 
metal. The wall rock is traversed by veins of a coarse phlogopite- 
pyroxene material which seems to be free of molybdenite. The 
property in which the prospect lies is just south of Boyd pond, near 
Russell, and is owned by Martin Leary.” 

In the course of field work in the northern part of Lewis county 
A. F. Buddington discovered a new molybdenite occurrence, of which 
he has given the following details. “‘ The locality is on the farm of 
William J. Aucter, in the town of New Bremen, three-fourths of a 
mile southeast of Bushes Corners. It is reached most conveniently 
from Croghan, the terminus of a branch railroad from Lowville. 
The mineral is distributed through the mass of a granite intrusion, 
or rather within indefinitely bounded veins of pegmatite that occur 
in the granite. The latter rock has a gneissic appearance and 
weathers to a reddish color, but is green to pink on fresh surfaces. 
It may represent a phase of the green syenite that outcrops to the 
northwest of the described locality. Altogether four narrow pegma- 
tite bands were noted, each scarcely more than one inch wide, 
exposed on the face of a sloping ridge for a distance of 25 feet. The 
flakes are relatively coarse and will average from one-quarter to 
t inch in diameter. Traces of the mineral are found at other points 
along the same ridge. A hill of coarse red gneiss, one-half of a mile 
south of Stifts schoolhouse, west of the highway, also shows its 
presence. The locality is one that deserves more careful investiga- 
tion and possibly some exploration in the hope of uncovering larger 
veins of pegmatite than those exposed, which on the whole are 
fairly rich.“ : 

An occurrence of molybdenite on the Owens farm, now a part 
of the Stuyvesant Fish estate, north of Peekskill, came to the 
writer’s notice a few years ago. The locality is just south of the 
Catskill aqueduct on the west side of Sprout Brook valley. The 
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mineral is found in rusty gneiss, made up largely of pyroxene, 
showing a greenish color in fresh fracture. The rock appears to be 
of contact nature, formed by the alteration of limestone in the vicinity 
of some igneous intrusion, but neither limestone nor intrusive rock 
is exposed in the immediate vicinity. The ledge can be traced 
for several hundred feet, but the molybdenite seems to be restricted 
to a small area, and the richer ore is in limited amount. The 
molybdenite occurs in disseminated flakes, mostly from one-eighth 
to one-fourth of an inch in diameter, and is present in some samples 
to the extent of 2 or 3 per cent or more. A little exploration, 
consisting of a shallow pit within the rich zone, has been performed. 
If any considerable body of ore like that in the ledge could be found 
in the vicinity, it would undoubtedly be of commercial importance. 

Another locality for molybdenite was reported by Mr Stuyvesant 
Fish to have been found recently in the northern part of Cortland 
township, about 3 miles from Peekskill. This occurrence is in limestone 
and probably thus represents a similar contact development to the 
first. No doubt the effective agency in the metamorphism and 
mineralization of the limestone has been granite which is widely 
represented in this part of the Highlands. 


NATURAL GAS 


Natural gas is a commercial product in several of the central 
and western counties of New York. The stocks of this valuable 
fuel are not large as compared with those that have been discovered 
in other parts of the Appalachian field to which the New York 
district belongs but they are usually easily accessible for develop- 
ment and close to industrial centers which absorb the output at 
remunerative prices. There is a potential market within the gas 
region for many times the present production, so that every incentive 
exists for guarding against waste in production and for pushing 
exploratory work into all territory that might add to the flow. 
The search for gas outside of the established districts has been 
quite actively carried on in the last few years, but so far it has not 
' led to any notable new finds. 
_ Historical. The production of natural gas is not a new industry 

in this State. Gas wells for the supply of light to households were 
in use in Chautauqua county in the first half of the 19th century. 
There is a record of the drilling of shallow wells in Fredonia, where 
gas seepages attracted the attention of the pioneer settlers, as early 
as 1821. The same community is still supplied by wells located 
in the vicinity — many of the inhabitants owning private wells for 
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the supply of one or two families.— which testifies to the permanency 
of flow characteristic of some of the pools of the State. The extensive 
use of natural gas for municipal purposes and industrially did not 
begin, however, until after 1864 when the discovery of the oil and 
gas district in Cattaraugus county gave the first impulse to the 
systematic exploration of these resources. Allegany county was the 
next important source that was discovered, the first large wells in 
that section having been drilled about 1880, of which many yielded 
both oil and gas. 

The two counties just named, with the western section of Steuben 
county, constitute the southwestern district which lies next to the 
Pennsylvania border. The pools that yield the oil, as well as 
producing all of the gas in the earlier years, are found in the higher 
Devonian strata which constitute the main sources of supply in 
the Appalachian field to the south. Thus the development of this 
district came as a natural sequence to the opening of the oil and 
gas region of western Pennsylvania of which the southwestern 
New York area may be considered as a northerly extension, both 
geologically and geographically. 

Following the successful developments in this region, exploration 
was extended into the adjoining counties and beyond the areal 
limits of the uppermost Devonian rocks in which alone gas had 
so far been discovered. In 1887 the Buffalo Cement Co. drilled a 
successful well on its property within the city limits of Buffalo, after 
having put down two holes that proved practically dry. Drilling 
in the vicinity was actively undertaken in the next few years, 
particularly in the town of West Seneca, south of Buffalo, and a 
local company was organized to develop the supplies and make 
them available for general use. By 1895 the South Buffalo Natural 
Gas Co. had some 45 wells connected with its distributing lines in 
that city. 

The Buffalo district lies on the outcrop of the Onondaga, Marcellus 
and Hamilton formations of the Middle Devonian, whereas the 
district of Cattaraugus and Allegany counties first opened falls 
within the Chemung series at the top of that system. Gas was 
encountered in the Lockport dolomite and Clinton limestone, but 
the main flow was from the white sandstone beds of the Medina, 
which later proved to be the most widespread and consistent gas 
reservoir in the western section of the State. 

The appreciation of the importance of the Medina horizon for 
natural gas production has come through exploration carried on 
in the last 15 years or so in eastern and southern Erie county, in 
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the lake shore belt of Chautauqua county and in the interior districts 
included in Genesee, Monroe, Ontario, Livingston and other counties. 
- The Medina is the most prolific of the New York gas formations 
and for a number of years has contributed considerably more than 
one-half of the annual flow for the entire State. 

The development of local gas pools in the area around the east 
end of Lake Ontario resulted from experimental drilling that was 
chiefly carried out in the few years preceding and following 1890; 
this exploration was initiated independently of operations elsewhere 
in the State, as the conditions are widely different from those in the 
older fields. Perhaps the incentive for testing the possibilities of 
gas in the formations below the Medina came from the contem- 
poraneous discovery of the great gas and oil fields in the Trenton 
formation of Ohio and Indiana. At any rate, as was brought out 
by Prof. Edward Orton’s investigation, the main yield of gas in 
the Lake Ontario district comes from the Trenton limestone, the 
lowest horizon in which any considerable pools have been found up 
to the present. The particular beds that hold the gas are the 
extension underground of the Trenton belt which lies along the 
western margin of the Adirondacks and that in Jefferson county 
reaches from the Adirondacks foothills west to Lake Ontario and 
the St Lawrence river. They have a southerly dip and where tapped 
by the wells are covered by the shale formations of the Cincinnati 
group with an additional thickness of Medina shales in the more 
westerly localities. The productive pools so far exploited are 
restricted to Oswego county and the northern part of Onondaga 
county. 

The Pavilion district represents the most important of the rela- 
tively recent discoveries of gas in the State. The first holes were 
drilled in 1906, since which time some sixty wells have been brought 
in which have maintained a very steady flow. It lies in the south- 
east corner of Genesee county, having Livingston county on the 
east and Wyoming county to the south. The gas horizon is in the 
upper Medina formation, the flow coming mainly from the last 
20 feet of the sandstone, which here measures about too feet thick. 
The limits of the field seem to be fairly well marked out by the 
borings; it is one of the few districts in which sufficient data are 
obtainable to indicate the precise structural features surrounding the 
accumulations of the gas and for that reason is of much interest. 

Production. The statistics of natural gas production for the years 
since 1897, covering the more active period, are given below. They 
are in part taken from Mineral Resources, published by the United | 
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States Geological Survey and partly compiled from direct reports 
from the field. 


Production of natural gas in New York 


NUMBER OF| PRODUCTION 


yeh WELLS M CUBIC FEET Neate 
DENS? cus Wlepbeenbugl iglesia tA BEY | Met ae ee ae $200 076 
TOS). o\a B ceadd Ong ey AP URE ee RC ee 712222 A De ALTE CSA 229 078 
MSO OMI Re oe Ls uinopehboye Mein agsiisyabspereue AT Mi saa Bal ay ticay ah) aie 294 593 
MO OOMM Te ee sie oe cae sheceie gentle OAM fia a eis cee anna 335 367 
LOC cic 0 6 ener cna as Rea ae A ESI (Na A ee ot He 293 232 
OOD 6 500575 Chae Had Nc Or en nent G2G ee ws Leo nes 346 471 
TO OZ craesichisl OB ena MAO NAM Hee a Nena TOOU aden er ene 493 686 
OVO 6 ere bil) nie Ean CR So EA 744 2 399 987 552 197 
TOOE 10'S e hers ae are ene ene Sonn 839 2 639 130 607 000 
TOOOé -orgievbhe: See ae ara Stele a Risen 919 3 007 086 766 579 
TOOT ost aia oi eae oe Be a ee 925 3 052 145 800 O14 
MO OSes Red Akoueicwigahe cps Cy-oicepsyey® dey bps I 100 3 860 000 987 775 
MG OOQMP Me renerehs epee ieie Sele ee eseiece I 280 3 825 215 I 145 693 
TOMI ee tay. eR LASTS EN SO), I 340 4 815 643 I 411 699 
TROD ew a afl a) an WP aren siten's. auiey@ AN I 403 5 127 571 I 547 077 
1@UB ais. 4-8 Bisa IR ts eat a eee I 660 6 564 659 I 882 297 
T@)II Sic. cles HAGUE RE ERED I 750 8 555 429 2 549 227 
TONE AL BUS Rae ohe eet ERR Can ene I 797 8 714 681 2 570 165 
GIES eed Se Re a A Stee 2 O51 7 810 040 2 335 324 
TiS)EE CO) eee RR a SR 2 068 8 035 632 2 355 320 
TO 7 Sy ros SO Ce Oe ne ene: anes oe 2 078 8 371 747 2 499 303 
TGS oe yee eh abet ties ey eae MI 2 114 8 460 583 5 673 131 


A steady gain in production has characterized the course of the 
industry during most of the period, a feature which may be attrib- 
uted to the sustained flow of the pools supplemented by the incre- 
ment obtained from a few new districts. 


FEATURES OF DISTRIBUTION OF NATURAL GAS 


The available area for the occurrence of natural gas may be 
broadly indicated by reference to the main geological elements of 
the State. 

It is to be noted in the first place that the sedimentary rocks 
alone afford appropriate environment for the formation and storage 
of natural gas and petroleum. The derivation of both of these 
materials undoubtedly is traceable to the organic matter enclosed 
by the beds at the time of their deposition, and consisting probably 
of animal remains in large part, just as coal represents the accumu- 
lation of plant tissue under similar conditions. Of the different 
kinds of sediments, shales often contain noticeable amounts of 
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organic matter in the form of hydrocarbons, and occasionally carry 
so much of these that they may be of economic value for the produc- 
tion of oil by artificial distillation. In nature the process by which 
organic matter is converted into oil and gas goes on very slowly, 
but once under way it may continue for indefinite periods of time 
with cumulative results. 

A large mass of shale may thus be considered favorable to the 
generation of oil and gas, but it is not necessarily significant of their 
existence in any locality in economic quantity. For this it is also 
essential that a suitable repository or place of storage be provided. | 
Shales ordinarily are ill adapted for this purpose; they have too 
little pore space, and under pressure from an overlying load of 
sediments, their joints and seams, which near the surface afford 
some room for water, become tight through movements of the mass. 
Limestones, likewise are usually closely textured, but often contain 
cavities and openings produced by solution of underground waters, 
which may be connected into a more or less continuous series by the 
natural joints and bedding planes. They may have consequently 
a fairly high storage capacity and show considerable persistence in 
yield. The best materials for holding gas, oil or water are sand- 
stones and unconsolidated beds of sand, whose porosity in individual 
examples ranges from 4 or 5 per cent to about 30 per cent. Their 
absorbing power varies with the size and the shape of the grains 
and the conditions with reference to bond. Estimates of the porosity 
of the oil sands of Pennsylvania seem to converge around 10 per 
cent as an average. The effective porosity is greater for gas than 
for oil since the movement of the former through the small openings 
is not affected by friction to the same extent or by capillarity. 

The potentially important gas horizons are to be found in the 
great succession of Paleozoic rocks which spread over all the State 
west of the Hudson river with the exception of the Adirondack 
Highland on the north, where the rocks like those of the Hudson 
Highlands are of Precambrian age and of igneous or metamorphic 
character. 

Neither the Adirondacks nor the Hudson Highlands hold any 
possibilities for the production of gas or oil. Onthe borders of the Adi- 
rondacks and for several miles outward the lower Paleozoic sedi- 
ments which overlap on the older crystallines do not attain sufficient 
thickness to store any large supplies of gas. West of the Black 
river and south of the Mohawk, however, the sedimentary succession 
rapidly thickens with the appearance of new and higher formations. 

Thus the Precambrian basement in the vicinity of Pulaski, Oswego 
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county, at the east end of Lake Ontario, is reached at 1425 feet 
depth. At Central Square, farther south, it lies 2415 feet from the 
surface. At Utica granite is found at 1855 feet depth. In Onon- 
daga county the basement is 3000 feet or more below the surface, 
as shown by deep wells at Baldwinsville and Jordan. 

The thickness of the Paleozoic section in western New York 
normally increases from north to south at the rate of from 50 to 100 
feet to the mile, with allowance for the variations in the elevation 
above sea level. This is the indicated dip of the Medina formation 
as taken from records of a large number of wells distributed over 
the central section to the south of the line of outcrop which lies 
along the shore of Lake Ontario from Oswego county to the Niagara 
river. 

Main gas horizons. Natural gas has been found over a wide 
range of the Paleozoic formations that extend in general from the 
Potsdam sandstone in the Cambrian to the higher Devonian strata 
represented by the Chemung sandstone, and also probably includes 
the basal Carboniferous which occupies a limited area in the extreme 
southwestern part of the State as a northerly extension of the main 
Appalachian belt. The largest and more permanent flows, however, 
come from a few stratigraphic horizons, which are here given in 
order of succession. 


GAS-BEARING STRATA DEVELOPED POOLS, BY COUNTIES 


Chemung and Portage sandstones....... Allegany, Cattaraugus, Chautauqua, 
Steuben 

Wianeelltrsishales . ccc. uc sploccs che heels « Cattaraugus, Erie, Livingston, 
Ontario 

Onondaga limestone................0.. Cattaraugus, Erie 

Salinaywaterlime wn) fs anh. Nose heie doce Cattaraugus, Erie 

IMiedinaysandstone ss. <,sccssvefe cls iec vi eiote sme Cattaraugus, Chautauqua, Erie, 


Genesee, Livingston, Monroe, 
Ontario, Wyoming 
Miremtonilimestone ss gin. cte tose eens: Niagara, Onondaga, Oswego, Oneida 


The Chemung and Portage are here classed together, as the 
horizons that yield the gas have not been well defined as yet. Some 
wells are known to give flows from both formations. , In the southern 
section of Allegany and Cattaraugus counties the productive strata 
may include Carboniferous representatives, as in certain districts 
there is a considerable thickness of these rocks above the Chemung 
and the boundary can not be established from the well records. 
In parts of Steuben, Allegany and Cattaraugus counties both oil 
and gas are obtained within the Upper Devonian strata. In the 
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northern part of Cattaraugus county and central and northern 
Chautauqua county productive pools have been encountered in the 
last few years by deep wells bottomed some rs00 feet or more below 
the Chemung and Portage horizons. The lower gas-bearing strata _ 
are assigned with some degree of probability to the Medina formation. 
The thickness of the Portage strata in western New York is placed 
by Clarke and Luther at about goo feet. On the line of the Seneca 
river it is 888 feet; and at Seneca lake 1122 feet. The Chemung 
formation, according to the same authorities, is over 1ooo feet. 
Along the Genesee the measured thickness is given as tors feet; 
at Seneca lake, 1050 feet. In the Cayuga Lake region and farther 
east to the Chenango valley the strata are even somewhat thicker 
than indicated for the western sections. 

The Marcellus beds are a black, soft bituminous shale that lies 
above the Onondaga limestone in the area west of Schoharie county, 
marking the beginning of the extensive shale accumulation that 
continued through the Hamilton period. The black shale is 4o to 
60 feet thick in the natural gas region and is a well-marked horizon 
that commonly yields pockets of gas and occasionally more persistent 
flows. It is likely the original source of much of the gas occurring 
in the Onondaga limestone. The shale constitutes an element of 
some difficulty and even danger to the exploration for salt in the 
western part of the State, particularly in the excavation of shafts, 
owing to the gas flows that are frequently encountered at this 
horizon and that are sometimes violent when first tapped. 

The Onondaga limestone and the Bertie waterlime, the latter 
a part of the Salina series, constitute a subsidiary gas zone in parts 
of Cattaraugus and Erie counties. The two form practically a 
single horizon, so far as this area is concerned, for they are contiguous 
formations or at most separated by a thin sandstone layer (Oriskany). 
From the drill records it is frequently impossible to distinguish 
between the two limestones. Most of the gas in the Onondaga 
seems to occur in the “ bull-head’”’ stratum near the base which 
is more porous and permeable than the Corniferous beds above. 
The largest flows from these formations have been reported in the 
district in southern Erie and within Cattaraugus county where the 
wells are 1500 to 1700 feet deep. 

The Medina sandstone represents the most widespread natural 
gas zone in the State. Its importance did not gain recognition 
until quite recently but is now fully appreciated by drillers who 
are actively engaged in the search for new gas supplies in this horizon. 
The first large district in this sandstone was opened in Erie county 
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in the townships east and southeast of Buffalo during the few years 
succeeding 1899. Then followed the discoveries along the lake belt 
in Chautauqua county where shallow wells in the Devonian had 
long been in use, the opening of additional wells in central and 
southern Erie county, the development of the Pavilion field in south- 
eastern Genesee county and of other fields in the adjoining territory. 
There are doubtless important supplies in the Medina yet to be 
tapped, for the sandstone underlies an extensive area. Its outcrop 
extends from the vicinity of Oneida lake in central New York west 
for 150 miles to the Niagara river which it crosses and continues 
into Canada. Its extension on the dip, which is to the south, has 
been followed in places as far as 25 to 50 miles from the outcrop, 
and no doubt it underlies all of western New York between the 
outcrop and the Pennsylvania line. The inclination averages around 
40 feet to the mile for the first several miles south, but seems to 
flatten in the middle part of the State so that the depth to the Medina 
in the southern tier of counties is less than would be anticipated 
in view of the dip near the outcrop. The Medina sandstone repre- 
sents only a part of the entire formation which includes a great 
mass of red and gray shales with their sandy layers that measures 
fully 1000 feet thick in western New York. The sandstone occurs 
above the main shale beds through a vertical range of 100 to 150 
feet, terminated at the base by a 25-foot bed of gray sandstone 
(Whirlpool sandstone). Below the main shales at the base of the 
Medina occurs the Oswego sandstone, 75 feet thick in western New 
York. This is also a possible horizon for natural gas. Most of 
the pools in the Medina proper seem to be contained in the middle 
and lower beds of sandstone and above the thick shales. 

The Trenton limestone, as the name is used in the natural gas 
field, includes the assemblage of calcareous beds that lies just below 
the Cincinnati shales and is composed of the Lowville, Black River 
and Trenton stratigraphic units. The Trenton is developed in 
the Champlain valley, along the Mohawk river to the south of the 
Adirondacks, and in the Black River valley from which a broad 
belt reaches west tc the St Lawrence river and Lake Ontario. It 
does not outcrop in western New York, but is exposed on the north 
shore of Lake Ontario under which the beds extend to the south 
side so as to be encountered in wells all the way from Oswego 
county to the Niagara river. In this section a dip of about 4o 
feet to the mile is to be expected. On the west end in Niagara 
and Erie counties the Trenton is credited by Bishop with a thickness 
of 720 feet, mostly limestone. No important gas pools have been 
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encountered within the beds in that section. The most westerly 
point at which any considerable flow has been met is at Baldwins- 
ville, Onondaga county, where the top of the limestone lies 2240 
to 2400 feet from the surface and is covered by 500 feet of Pulaski 
and Utica shales. In Oswego county small but persistent wells 
have been opened in the Trenton at Fulton, Pulaski and Lacona 
where the first was drilled about 30 years ago. In this region the 
Trenton aggregates 600 feet or over and is overlain by an equal 
thickness of shale. Through the Mohawk valley the Trenton occurs 
in more or less broken areas, with the outcrop lying close to the 
Precambrian border; the character of the formation also changes, 
shales largely superseding the limestones. In Oneida county, how- 
ever, it is still undisturbed and appears in considerable thickness 
in the wells at Rome and Utica. Gas flows that developed high 
initial pressure have been found at Rome but they did not prove 
persistent and no production has been recorded from them for 
several years. The top of the limestone was found at 660 feet and 
the thickness was a little over 400 feet. At Utica the limestone is 
360 feet thick. In the lower Mohawk the Trenton is largely a 
shale formation being represented chiefly by 700 feet of black shales 
(Canajoharie shales) of lower Trenton age. 


NOTES ON FIELD DEVELOPMENTS 


The following pages summarize briefly the present stage of 
development of the natural gas industry in the principal districts 
which are listed according to the counties of their occurrence. The 
information has been obtained by correspondence with the larger 
producers and distributing companies, and from individual coopera- 
tion of those engaged in field exploration. Among the latter Mr 
D. W. Williams, formerly field expert for the Dominion Natural 
_ Gas Co., Buffalo, has been particularly helpful. For the records 
of the earlier developments preceding 1900, the reports by I. P. 
Bishop and Edward Orton, listed at the end of this chapter, have been 
freely used. 

Allegany county. The gas belt lies in the southern townships 
where the pools are found in sandstones that are probably to be 
correlated with the productive oil and gas sands of the Bradford 
field of Pennsylvania. The horizon is probably Chemung, but may 
extend locally up into the Lower Carboniferous. Many of the 
wells yield both oil and gas, and some of the latter is employed at 
the well mouth for operating the pump. The excess of production 
over the requirements for fuel and light at the source is sold to 
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distributing companies who operate pipe-lines in this district. Among 
these are the Empire Gas and Fuel Co., the Producers Gas Co. and 
the Iroquois Natural Gas Co. 

Well records for southern Allegany county are given under the 
head of petroleum elsewhere in this report. 

In central and northern Allegany county exploration for gas and 
oil has been carried on more or less extensively but without the 
discovery so far of any extensive pools. It would appear that the 
productive sands in the Devonian do not extend much north of the 
Clarksville—Wirt—Andover town lines. However, there are possi- 
ble deeper horizons for gas in the Onondaga or Medina which have 
been found to contain pools in Cattaraugus county to the west. 
Only a few deep wells in the territory are on record. 

Hume well. A deep well in the town of Hume, northern Allegany 
county, was drilled in 1899 on the Buel farm, 1 mile west of Hume 
post office. The following record is reported by Bishop.!. The well 
was practically dry. 


Soil 35 feet 
Shale 260 
Shells and slate 280 
Shale 401 
Wet sand 402 
Salt water 415 
Shale 765 
Gray sand 785 
Shale 800 
Gray sand, a little gas and oil I 055 
Shale with some gas I 155 
Soft brown shale I 177 
Soft sand with gas I 192 
Soft sand 1227 
Sand with shale and show of oil T (234 
Brown shale I 550 
Light colored shale I 700 
Very dark shale I 890 
Hard flint rock I 925 
Light colored shale I 945 
Hard flint I 960 
Soft light colored shale I 980 
Flinty with shells, very hard 2 002 
Dark shale 2 126 
Very dark shale 2 174 
White shale 2 380 
Dark shale with occasional hard shells 2 550 
Shale and shells 2 750 
Hard xray and brown sand or limestone 2 840 
Clear cock salt 2 900 
Soft blue and red shale 3 O15 
Blue and red shale 3 326 


Canaseraga well. A test well at Canaseraga in the town of Burns 


1N. Y. State Mus. Annual Rep’t 53, v. I, p. r108. 
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was drilled in 1908-9 by J. E. Dunnigan, Friendship, N. Y., who 
supplied the following details. It showed a little gas. 


Gray sand, some gas and oil at 275 feet 
Second gas streak in sand at 400 
Chocolate sand with a little gas and oil at 975 


Black and brown shale chiefly to 2 650 
Hard limestone at 2 650 
Rock salt (65 ft.) at 3 050 
Blue shale at 3 115 
Blue shale to bottom at 3 200 


The limestone found at 2650 feet was doubtless the Onondaga 
but the top was probably reached before that depth, as the normal 
distance between the salt and the first Onondaga beds in the 
western areas is 500 to 600 feet. 

Cattaraugus county. As in Allegany county, the principal gas 
pools so far developed lie in the southern townships and are associated 
with the oil-bearing strata in the higher Devonian formations, an 
extension of the Pennsylvania oil and gas field. The productive 
district covers parts of Olean, Allegany, Carrollton, Redhouse and 
Humphrey townships. The reservoirs occur in sandstones that lie 
at several levels from soo to 1600 feet depth. One of the horizons 
is regarded by well drillers as the equivalent of the Bradford sand. 
The first oil well was drilled in 1864 and the county was a large 
producer for a time, but the wells now have to be pumped and the 
average output is only a fraction of a barrel a day. The surplus 
gas is sold to the distributing companies who have pipe-lines to the 
larger consuming cities. Further details of wells will be found under 
the head of petroleum. 

Exploration for gas in northern Cattaraugus county has shown 
the presence of deep horizons in what are regarded as Marcellus, 
Onondaga and Medina formations. The most successful wells are 
in the vicinity of Gowanda and between there and Cattaraugus 
creek and are thus partly in Erie county. The first important well, 
according to Bishop, was drilled in 1898 near the tannery of Grenssler 
and Fisher and yielded a flow estimated at 7,000,000 feet a day. 
The horizon is referred to the Marcellus shale, 25 feet above the 
Onondaga. A second well put down nearby showed a good flow 
from the Corniferous beds of the Onondaga. The Medina sandstone 
has been tapped in certain deep wells within the Cattaraugus reser- 
vation, west of Gowanda. 

Vinton well, Gowanda. This well is recorded by Bishop as drilled 
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by J. D. Rickerson and completed March 23, 1883. It was put 
down at Gowanda on the Cattaraugus county side. 


Salt water at 250 feet 
Gas and oil at 458 
Oil at 904 
Gas at I 006 
Top of Corniferous at I 580 
Water at I 580 
Bottom of well I 700 


McMullan well, Gowanda. This hole was drilled near the cemetery 
in Gowanda about 1899 and is reported by Bishop who obtained 
the record from Mr Michael McIntyre of the Gowanda Natural 
Gas Co. 


Drift 20 feet 
Casing 196 
Small flow of gas at 615 
Second gas at I 110 


Top of Corniferous (Cor- 
niferous 185-190 feet 
Ie Kat eel I 410 


Show of oil at I 600 
Top of Niagara at I 680 
Bottom of well I 720 


Versatlles wells. These are in the extreme northwestern corner 
of Cattaraugus county on the Erie county border. They are quoted 
from Bishop’s records. 


Well No. r Well No. 2 
Rock at 15 feet Rock at 42 feet 
Casing 185 Casing 199 
Top of Corniferous at I 075 Top of Corniferous I 241 
Bottom of Corniferous at I 275 Bottom of well I 543 
Bottom of well I 383 


In well no. 1 some gas was found-at 190 feet in shale. 

In no. 2 a small flow was tapped at 940 feet in shale. 

Chautauqua county. The first gas wells in the State were drilled 
in this county. The supplies were obtained by shallow wells 
bottomed in sandstones of the Chemung and Portage formations 
which together occupy the surface from the Erie county line to the 
Pennsylvania boundary. Many of the borings were only 100 to 
150 feet deep and the deepest about 500 feet. The pools were not 
large, but they showed a fair degree of persistency and were scattered 
over the lake shore belt from Silver Creek southwest to the State 
line. Many afforded convenient and easily controlled supplies, but 
scarcely sufficient for more than local use, most of the wells in fact 
supplying only one or two families each with light and fuel. The 
aggregate production, thus, was not large. The principal towns 
within this natural gas belt are Silver Creek, Dunkirk, Fredonia, 
Brocton, Westfield, Mayville and Ripley. 
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In 1886 a project for exploring the deeper formations in this 
region was formed by citizens of Fredonia. The incentive thereto 
- seems to have been supplied by the contemporaneous developments 
in the gas fields of Ohio where large wells were being brought in 
at depths of tooo feet or more. A well was started in that year and 
completed in the summer of 1887 at a depth of over 2500 feet. 
The test was unsuccessful, further than it revealed a small flow of 
gas at 2100 feet in sandstone which was regarded as the Medina. 
Thereafter for many years little effort was made to search for gas 
in the lower formations of the county. 

About 1903 interest seems to have revived, as a result perhaps 
of the success attained in locating pools in the Medina of Erie 
county. Silver Creek was the site of the new wells, and by 1904 
several good producers had been brought in by the South Shore 
Gas Co. and the Silver Creek Gas & Improvement Co. The main 
flow was found in the Medina at 1700 feet. The wells have been 
persistent and the supplies were later increased by additional borings. 
In 1904 the Brocton Gas & Fuel Co. put down two wells at Brocton 
which penetrated the Medina at 2225 feet depth. One of the latter 
yielded a small flow from that horizon and the other gave a little 
sulphurous gas from higher up in the Devonian formations. 

The Frost Gas Co. of Fredonia shortly after undertook explorations 
in the town of Sheridan and the Welch company in the town of 
Westfield. These were also fairly successful. A well in the village 
of Westfield, as reported by the latter company, developed a flow 
at 2355 feet in white sandstone. 

Within the last 10 years a large number of deep wells have been 
put down in the lake shore belt of Chautauqua county and this 
has become one of the important producing districts of the State. 
The flow comes from the upper 150 feet of the Medina formation 
in the red and gray sandstones. 

Well on Miner farm, Sheridan. This well, situated on the farm 
of H. S. and M. F. Miner, was drilled between December 29, 
1917 and February 19, 1918, for the South Shore Gas Co., who has 
kindly supplied the record. 


Surface materials 22 feet 
White and brown shale 055 
lint I 175 
White lime I 600 
Niagara limestone I 812 
White shale I 890 
Clinton I 915 
Red Medina I 995 
Gray Medina 2 O15 
White shale 2 030 
White Medina 2 044 
Red shale to bottom at. 2 O61 
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A little gas was found at 1945 feet or 30 feet below the top of the 
red Medina sandstone. 

Well on H. S. Miner farm, Sheridan. The well was drilled in 
March and April 1918 for the South Shore Natural Gas Co. which 
supplied the record. A good flow of gas was encountered at 2101 
feet in the white Medina sandstone. The Niagara horizon was 
marked by influx of “‘ black water.” 


Surface materials 22 feet 
White and brown shale 990 
Flint I 205 
White lime T 645 
Niagara limestone I 846 
White shale I 933 
Clinton I 953 
Red Medina 27038 
Gray Medina 2 048 
White shale 2 084 
White Medina at bottom at 2 101 


Well on Franklin farm, Hanover. The site of the well is on the 
R. Franklin farm, town of Hanover. Hole drilled for the South 
Shore Gas Co. from which the record has been obtained. Well 
bottomed April 4, 1918. Small flow of gas at 2300 feet. The 
Niagara horizon was indicated by the usual black or sulphurous 
water. 


Surface materials 14 feet 
White and brown shale I 296 
Flint I 501 
White lime I 896 
Niagara limestone 2 125 
White shale 2 210 
Clinton 2 240 
Red Medina 2 316 
Gray Medina 2 334 
White shale 2 354 
White Medina 2 374 
Red shale to bottom at 2 386 


Erie county. The natural gas area of Erie county is larger and 
more important than of any other county of the State. Successful 
wells have been located in all parts of the county if not in every 
township, although of course they draw their supplies from many 
different pools that altogether underlie only a small portion of the 
whole surface. The range of gas territory may be said to extend 
from Niagara county on the north to the Cattaraugus-Chautauqua 
border on the south and from Lake Erie and the Niagara river to 
the eastern limits of the county. For the last 15 years, that is 
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within the more active period of exploration and development of 
the gas fields, Erie county has held a leading place in the industry. 
- The source of its importance can be ascribed to the Medina sand- 
stone which here seems to offer especially favorable conditions for 
the storage of natural gas. The whole county is underlain by the 
Medina formation which has its outcrop farther north in Niagara 
county and is reached at depths increasing steadily toward the 
south in accordance with the dip of the beds which is at the rate of 
about 4o to so feet to the mile in that direction. The upper 100 
to 140 feet of the formation comprises the main sandstone beds 
within which the gas is commonly stored. Below is a body of red 
and gray shales with their sandstone layers, 900 feet or more thick, 
also a part of the Medina but usually barren of gas. Well records 
indicate usually a division of the sandstone into red and gray beds, 
the former occurring above and measuring about 70 to 80 feet 
thick, while the gray lies directly below or is separated from the 
red by a few feet of shale. The gray sandstone averages perhaps 
25 feet thick. A second bed of the gray is occasionally indicated 
in the records and is referred to by some drillers as ‘‘ white Medina.”’ 

The Medina marks practically the lowest horizon at which natural 
gas has been found in quantity in this region. A few wells have 
been drilled into the lower formations, as far as the Trenton limestone, 
without encountering additional pools. 

In the higher strata gas may be found locally in some quantity. 
The Clinton shales have been found to contain pockets and the 
Lockport dolomite often affords limited quantities of sulphurous 
gas and water, which serve to establish the horizon where they 
occur. The most favorable horizons above the Medina are the 
waterlime in the Salina, the Onondaga limestone and the Marcellus 
shale. The Onondaga limestone and the underlying waterlime bed, 
according to Bishop, were probably the source of the gas in the 
Zoar field in southern Erie county which for a time was quite pro- 
ductive and probably had the record well that has so far been drilled 
in the State with an estimated initial flow of 25 to 30 million cubic 
feet a day. | 

Bishop! has compiled the following estimates of the thickness 
of strata for the section from Lake Ontario to Cattaraugus creek. 


1 The Structural and Economic Geology of Erie County. N. Y.State Mus. Rep’t 
49, pt 2, 1895. 
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Some changes have been made in the terminology, but none in the 
estimates as made by this authority. 


Portage shales and sandstones I 541 feet 
Genesee shale 25 
Hamilton and Marcellus shales 287 
Onondaga limestones 108 
Salina waterlime 60 
Salina shales 386 
Niagara limestone, including 72 feet 

of shale below 319 
Clinton 27 
Medina sandstone 109 
Medina shales, Oswego sandstone, and 

Cincinnati beds I 869 
Trenton limestone 720 
Calciferous IIO 

Total 5 561 


The section probably falls short by too to 200 feet of the whole 
range from the top of the Portage to the Precambrian basement, 
for the Calciferous is not fully revealed in the wells on which the 
above estimate is founded and also the Portage may be a little 
thicker than indicated. 

Among the first successful wells drilled in Erie county were those 
located within the city of Buffalo. According to Bishop the Buffalo 
Cement Co. instituted the earliest systematic search for gas within 
the city limits by drilling on its property situated near the Main 
street crossing of the New York Central Belt Line. Its first well 
was put down in 1883 to a depth of 452 feet, and the second in the 
following year, both showing only a small flow. A third well in 
1887 gave a good flow and encouraged the company to continue 
drilling operations, so that shortly several productive wells were 
opened. Active work was then undertaken by individuals and 
companies, and the distribution of the gas for household and indus- 
trial use provided for by the laying of municipal pipe-lines. In 
1891 drilling was extended into the town of West Seneca, just south 
of the city line, and a large increment to the supply was soon obtained 
from that section. All of the commercial wells in Buffalo and 
vicinity had been absorbed by 1895 into the Buffalo Natural Gas 
Co. The district as then developed included Buffalo, West Seneca 
and a little territory on the west side of the Niagara river, in Ontario, 
Canada. Records of many of the wells are given in Bishop’s paper,! 
“ The Structural and Economic Geology of Erie County.’”’ One or 
two records are here quoted from that article. 


IN. Y. State Mus. 49th Ann. Rep’t, pt 2, 1895. 
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Well No. 2, Buffalo Cement Co. 


Location is given as near Main 


street and New York Central Belt Line, Buffalo. A fair quantity 
of gas at 452 feet; salt water at 555 feet. 


Shale and cement rock 25 feet 
Fairly pure cement rock 30 
Shale and cement rock in thin streaks 43 
Pure white gypsum 47 
Shale 49 
White gypsum 61 
Shale 62 
White gypsum 66 
Shale and gypsum, mottled 73, 
Drab-colored shale with several layers 

of white gypsum Dat 
Dark-colored limestone 133 
Shale and limestone 137 
Dark-colored compact shale 140 
Gypsum and shale, mottled and in 

streaks 720 
Limestone 725 
Soft red shale 760 
White solid quartzose sandstone 785 
Soft red shale I 305 

Well on John M. Fick farm, West Seneca. 

Drive pipe 26 feet 
Casing 123 
Flint at 318 
Bottom of flint at 509 
Niagara at 890 


Sulphur gas at 

Water and gas at 
Through water and gas to 
Clinton at 

Medina sand at 

Bottom Medina sand at 
Gas sand at 

Through gas sand 

Pocket to 


Well on Elbert More farm, Spring Brook. 


ne 
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Soil 17 feet 
Fresh water at 47 
Casing 110 
Shale 435 
Flint 600 
Niagara limestone at 935 
Sulphur gas at I 100 
Sulphur water at I 165 
Shale (60 feet) at I 245 
Clinton at I 325 
Top of Medina at 1) 433 
Gas sand at I 436 
Gas sand at I 438 
Bottom gas sand (white) at I 460 
Red rock (800 feet) to 2 260 
Black shale (900 feet) to Trenton 3 100 
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North of Buffalo in the towns of Tonawanda and Amherst and in 
the proximate portion of Niagara county are a number of small 
wells, of which the most are grouped in the southeastern part of the 
town of Tonawanda and in the vicinity of Getzville, town of 
Amherst. 

Well on Mrs Eva Fries farm, Tonawanda. Well drilled in March 
and April 1918 by North Buffalo Natural Gas Co. Gas with a 
moderate flow was found at 561 feet in the Clinton formation. No 
gas in the Medina. 


Surface 274 feet 
Niagara 474. 
Shale, soft gray 549 
Clinton 579 
Medina, red sandstone 648 
Medina, gray sandstone 682 
Shale 685 


The largest district of Erie county in regard to area and number 
of productive wells lies in the townships of Clarence, Newstead, 
Lancaster, Alden, Marilla and Elma, east and northeast of Buffalo. 
The proved territory embraces a surface of about 10 miles long east 
and west and 8 miles wide; the same gas belt may be traced, how- 
ever, beyond the limits of Erie county into the adjoining section of 
Genesee county, so that the area is even larger than indicated by 
these figures. The first wells in the district were put down some 
25 years ago, but there was little activity in the exploration before 
1900, when the possible importance of the field began to be realized. 
There are no extraordinary pools within the area that compare in 
pressure or yield with the records that have been reported from 
some of the great natural gas districts of the country. The wells 
mostly show a moderate flow, a few hundred thousand cubic feet a 
day, perhaps, as the usual upper limit, but they have proved profit- 
able by reason of their consistent nature and the favorable combina- 
tion of conditions for exploiting and selling the output. There are 
over 200 wells in the district. The gas comes from the lower third 
of the Medina sandstone, which measures about 110 feet thick in 
this part and is encountered at depths of 1000 to 1200 feet in most 
wells, measured to the top of the first bed. A contour map of the 
sandstone, based on well data and prepared by the geological staff 
of the Dominion Natural Gas Co. shows that the strata are slightly 
folded along a north-south axis across the dip. The most marked 
fold is an anticline whose summit lies just west of a line drawn 
between Mill Grove and Alden Center in the town of Alden. ‘There 
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is a considerable number of good wells situated along the anticline, 
though the productive pools occur along the flanks with nearly 
equal profusion. Minor folds are present to the east and west of 
the main anticline, the dip of the strata follows about the average 
rate of 50 feet to the mile. One or two typical well logs will serve 
to indicate the stratigraphic relations. 

Well on Charles Schlung farm, Lancaster. The well was drilled 
for the Akron Natural Gas Co. in 1913 by C. C. Rose. Record 
supplied by the Dominion Natural Gas Co., Buffalo. Volume 
210,000 cubic feet. The flow comes from 1230 to 1240 feet depth. 


Flint 200-360 feet 
Niagara 810-I O10 
Clinton at I 122 

Medina I 140-1 250 


Well on the Hoppe farm, Marilla. The well was drilled by C. C. 
Rose for the Akron Natural Gas Co. in t910. Volume 150,000 cubic 
feet at 1350 feet depth. 


Flint 320-470 feet 
Niagara 942-1 142 
Clinton at I 220 

Medina sandstone I 257-1 369 


Well on the Emil Hinsken farm, Alden. Put down for the Akron 
Natural Gas Co. in 1912. Volume of flow 800,000 cubic feet at 
1286 feet depth. Sulphur gas at 965 feet; water at 1000 feet. 


Flint 265-425 feet 
Niagara 875-1 075 
Clinton at I 184 , 

Medina sandstone I 208-1 316 
Bottom at I 379 


Deep well, Elma. The record of this well, drilled by James Stearns 
in 1903, was supplied by H. O. Wagner of Caledonia, N. Y. 


Flint (170 feet) at 225 feet 
Niagara at 845 
Black water at O45 


Niagara, bottom at 

Clinton (20 feet) at 

Medina sandstone (115 feet) at 
Red shale (515 feet) at 

Little gas at 

Oswego sandstone (70 feet) at 
Black shale at 

Trenton limestone (750 feet ) at 
Potsdam at 


025 
130 


WNN HHH eB 
No} 
(e) 
[o) 


Ww 

Ke) 
co 
(2) 


MINERAL RESOURCES OF THE STATE OF NEW YORK 185 


Deep well, Depew. This record, taken from Bishop’s ‘ Structural 
and Economic Geology of Erie County,” supplies an interesting 
parallel with the preceding one. 


Drift to 34 feet 
Flint at 34 
Niagara (200 feet) at 504 
Shales (60 feet) at 794 
Clinton (30 feet) at 854 
Red Medina sandstone (90 feet) at 884 
White Medina sandstone (12 feet) at 974 
Red shale (1164 feet) at 986 
Oswego sandstone (75 feet at) 2 150 
Shale (630 feet) at 2 225 
Trenton (720 feet) at 2 855 
Dark gray sandstone (110 feet) at 3 575 
Bottom at 3 685 


A small flow of gas was found at 1100 feet in the Medina 
formation. 

One of the latest developments in the Erie county gas field has 
been the discovery of the Orchard Park pool in the town of East 
Hamburg, where a small area of high pressure gas was tapped in 
1912. About twenty wells are located in the area. At first the 
flow was exceptionally large for pools in the Medina, but the yield 
fell off rapidly after the first few months. The wells are about 
1700 feet deep. The output is handled by the Orchard Park Oil & 
Gas Co. 

In the town of Brant, in the southwestern corner of Erie county, 
is an area in which considerable activity has been in progress during 
the last few years. It covers a part of the Cattaraugus Indian 
reservation, and some 4o wells have been put down within the 
reservation or along the border. The gas comes from the Medina 
at 1700 to 1800 feet depth. 

On the border of Erie and Cattaraugus counties between Gowanda 
and Springville lies the Zoar district which was developed in the 
years 1888-95 and for a time was a large producer. The Kerr well, 
drilled in 1888 by Michael McIntyre of Gowanda, was probably 
the largest that had been drilled in the State up to that time. Its 
initial flow was estimated at 25 to 30 million cubic feet a day and 
the pressure forced out the string of tools and threw them 150 feet 
into the air. The horizon of the gas is referred by Bishop to the 
Salina waterlime and the lower part of the Onondaga limestone. 
The usual depth was about 2000 feet. In recent years attention 
has been given to the underlying Medina horizon, which is found 
at about 3300 feet, with some success. 

Kerr well, Zoar. Drilled in 1888 by Michael McIntyre of 


186 NEW YORK STATE MUSEUM 


Gowanda. Record given by Bishop (“Structural and Economic 
Geology of Erie County ”’): 


Drift 379 feet 
Casing 755 
Top of Corniferous I 725 
Gas at 1 885 
Bottom 2 150 


Richardson well, near Morton’s Corners. This locality is in the 
town of Collins, just north ot the Zoar district.: The record is 
taken from ‘‘ Structural and Economic Geology of Erie county” 
by Bishop. 

Drift 80 feet 

Casing 435 

Top of Corniferous at 925 

Small flow of gas at 

Salt water at 

Salt water, chocolate colored sand at 
Through limestone and shale at 
Red Medina at 

Through White Medina at 

Red shale at 

Bottom (red shale) at 
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Genesee county. A small gas field occurs in the southwestern 
corner of Genesee county in the town of Darien. It might be 
considered as an extension of the eastern Erie county field although 
it is separated from the latter by a stretch of 3 miles in which no 
productive pools have been found. About 15 wells have been 
drilled, most of them in the area south and southwest of Corfu 
Station on the New York Central Railroad. The first holes were 
put down about 20 years ago. The gas occurs in the Medina sand- 
stone at about the same depth and under similar conditions as in 
the Alden section of Erie county. 

The main producer of the county is the Pavilion field which came 
under development in 1906 and since has ranked as one-of the most 
important fields for its size in the State. Mr W. P. Randall, formerly 
engineer for the Pavilion Natural Gas Co., has supplied the following 
details in regard to the occurrence of the gas." 

The Pavilion field lies south of the Roanoke district in the south- 
east corner of Genesee county. Its boundaries are defined approxi- 
mately by a line running from the southern boundary of Genesee 
county northerly to Bethlehem Center, thence easterly along the 
Telephone road through Pavilion Center to the east boundary of 
Genesee county, thence south on said boundary to the corner of 
Genesee county and thence west to the point of beginning. It 
comprises an area 3 miles wide north and south and 9 miles long 


1See N. Y. State Mus. Bul. 174, 1914, p. 58-59. 
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Map of the Pavilion natural gas field, from surveys of the Dominion Natural Gas Co., showing contours of the Medina gas-bearing strata 
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east and west. The gas is distributed by two companies, the New 
York Central Gas Co,, with pipes running to Batavia, Attica, Corfu, 
and other towns in that vicinity, and the Pavilion Natural Gas Co., 
which supplies Mumford, Caledonia, Le Roy, Pavilion, Warsaw, 
Perry, Mount Morris, Moscow and smaller places along the route. 
New lines are being laid by the latter company to Linwood, York, 
Greigsville, Retsof, Piffard, Cuylerville, Geneseo and Avon. The 
trunk lines convey the gas under pressure of from 60 to 125 pounds; 
reducing stations at the distributing points lower the pressure to 
the normal required for consumption. 

The gas is dry, nearly pure marsh gas with less than 8 per cent 
of other ingredients. The pressure in the original wells was 500 
pounds a square inch and has shown little diminution. Along the 
eastern boundary of the field and near Linwood, wells of from five 
to seven million cubic feet daily capacity have been drilled. 

The field lies along the outcrop of the Genesee shale which is at 
an elevation of about 900 feet above tide. The gas flow is found at 
intervals in the last 30 feet of the Medina sandstone. The succession 
of strata explored by the wells conforms to the normal order as 
given in the reports of the New York State Museum, but in the 
western boundary of the field and near Lindon the Niagara is 
disturbed so as to make the drilling of straight holes a difficult work. 
Below such disturbances the Medina gives a very limited flow, and ~ 
consequently exploration in these places has been discontinued. The 
Niagara averages about 228 feet thick and black water (sulphurous 
water from cavities in the dolomite) occurs at about the middle. 
Below the Niagara comes the Clinton with a thickness up to 15 feet 
(Wolcott limestone?) and at this point anchor packers are usually 
placed. The Medina sandstone is a little over 100 feet thick; on 
the northern and southern borders of the field it gives a limited 
flow of gas, the largest wells being on the eastern border and around 
Linwood. 

A typical section in the Pavilion field is here given: 


Top of flint 475 feet 
Bottom of flint 625 
Top of salt 072 


Top of Niagara 
Black water 
Bottom of Niagara 


Top of Medina 678 
First gas 

Second gas 753 
Third gas 774. 


Bottom of Medina 
Hole bottomed 
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Altitude at mouth of well is about 1000 feet above tide. 

Livingston county. There are a number of small pools in the 
northern part of the county, mainly in the towns of Caledonia, Avon 
and Lima, which support a few wells each. The flow in the aggregate 
is small and is employed locally for light and heat, being distributed 
by the Tri-County Natural Gas Co. to Le Roy, Caledonia, Scottsville 
and other communities in the vicinity. The horizon is the Medina 
sandstone which lies at depths below 1200 feet in most of the wells. 

Well on the John C. Mitchell farm, Caledonia. The well is located 
3 miles south of Caledonia village and was drilled in 1913. A small 
flow of gas was found at 1309 feet. The record has been contributed 
by H. O. Wagner, Caledonia. 


Earth to 31 feet 
Flint to 178 
Limestone and shale to 482 
Salt and cave at 573 
Niagara (205 feet) at 870 
Clinton (10 feet) at I 228 
Red Medina (61 feet) at I 248 
White Medina (33 feet) at I 309 


Well on the George F. Hudson farm, Moscow. This well, located 
at Moscow in the town of Leicester, is about 12 miles south of the 
preceding one. It was drilled for the New York Central Gas Co. 
Gas was found at 1886 feet. 


Flint (130 feet) at 500 feet 
Salt (80 feet) at I 125 
Niagara (240 feet) at I 400 
Medina sandstone (75 feet) at I 826 
Bottom of well I 938 


Wyoming county. The productive natural gas section is in the 
vicinity of Attica, on the border of Genesee county, and a little 
west of the Pavilion field. The first wells were put down over 
20 years ago, and subsequent drilling has not materially enlarged 
the bounds of the pool. The flow is used at Attica, but of late 
years has not sufficed for the needs of the village so that the Attica 
Natural Gas Co. obtains a supply from the Pavilion field. The 
gas occurs in the Medina sandstone at a depth of 1800 feet or more. 

In the eastern part of Wyoming county, at Wyoming village, 
Warsaw, Rock Glen, Silver Springs and other places many salt 
wells have been put down. They have not revealed the presence 
of any considerable gas pools in the formations above the salt, 
which include the horizons of the Marcellus, Onondaga and Salina 
waterlime. 
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Well on the Elon Gore farm, Attica. The well was completed 
in June 1914 and yielded a fair flow at 1087 feet. 


Flint (150 feet) at 840 feet 
Niagara (180 feet) at I 540 
Medina (93 feet) at I 900 
Shale at I 993 
Bottom in shale at 2 078 


Ontario county. About thirty producing wells are located in the 
town of West Bloomfield, mainly in the southern part along Gates 
creek. The gas is in the Medina sandstone which occurs at depths 
of 1900 to 2000 feet. The measured flow at the outset has ranged 
up to 1,000,000 cubic feet a day for the larger wells. The first 
developments took place about 1895 and the output has since been 
well sustained. The gas is piped by the Ontario Gas Co. to Honeoye 
Falls. Efforts to enlarge the territory by prospecting along the 
axis of the main group of wells to the east in the town of East 
Bloomfield have not been very successful. There have been a few 
successful wells drilled there, however, as well as in the towns of 
Bristol and Richmond on the extension of the Medina beds to the 
south and southeast of the West Bloomfield district. 

Well on the John Dailey Farm, West Bloomfield. The well was 
drilled in 1907 for the Ontario Gas Co. and had an indicated flow 
of 1,000,000 cubic feet a day. The gas came from 2018 feet depth, 
98 feet below the top of the Medina sandstone. 


Flint (115 feet) at 525 feet 
Bottom of Niagara at I 825 
Clinton at I 908 
Top of Medina at I 920 
Bottom of well 2 064 


Well on the Abbey farm, Richmond. Drilled for the Ontario Gas 
Co., in 1913. A flow of 350,000 cubic feet was reported at 2137 
to 2145 feet. 


Top of flint at 610 feet 
Niagara limestone at I 600 
Clinton at 2 000 
Medina sandstone at 2 22% 


In southern Ontario county is the Naples pool, situated about 
t mile from the village of Naples. The development consists of 
eight wells, of which the original hole was put down about 1884 
as a wildcat oil well by Olean drillers and reached a depth of 1633 
feet. The hole was bottomed in the Salina, the last 43 feet being 
in salt. The other wells were drilled between the years 1900 and 
1910 to depths of 1050 to 1150 feet. According to Mr D, D. Luther, 
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who has contributed these details regarding the development, the 
principal supply of gas is in the base of the Marcellus shale or in 
the upper beds of the Onondaga limestone; but pockets occur in 
the Hamilton shales above the Marcellus horizon. The gas is piped 
to Naples for heating and light. The wells are owned by Granby 
and Hemenway who report that the output has fallen off in recent 
years and increasing difficulties have been met from influx of water. 

Monroe county. A pool of natural gas occurs near Churchville 
in the western part of the county. Its precise location is 3 miles 
east of Churchville in the town of Riga. Mr Frank B. Barnard, 
president of the Churchville Oil & Natural Gas Co., which distributes 
the output, states that the gas occurs in the Medina sandstone and 
that the flow comes from a zone about 75 feet below the top of the 
formation which is found at 480 feet. There are about 15 productive 
wells and the gas is used in Churchville, Bergen and Riga. The 
occurrence has interest from the shallow depth of the pool, represent- 
ing probably the minimum depth at which any considerable flow 
has so far been reported in the Medina formation. The outcrop 
of the sandstone is only 7 miles distant, directly north of Churchville, 
at an elevation about 60 feet below the mouth of the wells, as nearly 
as can be ascertained from the topographic map. This would 
indicate a dip for the strata at the average rate of 60 feet to the 
mile. 

Well at Brockport. This well was put down many years ago and 
was reported upon by Prof. C. S. Prosser!, who gave the following 
record: 


Medina red shale 500 feet 
Medina dark red shale 900 
Medina very dark red shale 950 
Gray and bluish calcareous shale I 000 
Blue shale and sandstone I 400 
Blue compact Trenton limestone 2 000 


Yates county. A few wells have been drilled in the vicinity of 
Rushville on the border of Ontario county. The flow is small and 
consumed locally. No details are at hand in regard to the horizon 
of the occurrence. 

Seneca county. A number of gas wells were in use at one time 
for the supply at Seneca Falls. Bishop? mentions that twelve were 
drilled in the period 1885-97 and at the latter date the supply 
amounted to 50,000 cubic feet a day. The flow apparently came 
from different horizons, including the Clinton, Medina and possibly 


1 Proceed. Rochester Acad. Sci. v. 2, p. 91 
2N. Y. State Mus. Ann. Rep’t 51, v. 2, 1897, p. 12. 
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the Trenton. One of the well records is here quoted from Bishop’s 
paper. 


Drive pipe to limestone 77 feet 
Top of salt sand at 305 
Bottom of salt sand at 455 
Top of big red shale at 485 
Bottom of big red shale at 675 
Top of Niagara at 710 


Top of Clinton at 085 
Top of Medina at 

Flow of gas at 

Gray Medina at 

Red Medina at 

All gray at 

Gray and black shale at 

Part black shale at 

All black shale at 

Shale and lime mixed at 

All shale at 

Top of Trenton at 

Black shale at 

Limestone at 

Nearly all black shale at 
Crystalline limestone at 

All black shale at 

Limestone with white streaks 
Bottom of well at 


485 
560 
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Onondaga county. Natural gas is found at Baldwinsville, north 
of Syracuse, where it has been in use since 1897. ‘The pool supports 
about fifteen active wells. The main supply comes from the Trenton 
formation at depths below 2200 feet but some gas occurs in the 
Medina and Oswego sandstones at higher levels. Some of the wells 
were prolific at first, yielding as much as 3,000,000 cubic feet a day; 
they have been persistent producers, although their flow is now 
considerably reduced. The conditions of the occurrence were care- 
fully worked out by Prof. Edward Orton. The following is the log 
of the first well, put down on the Monroe farm just northeast of 
the village. 


Drive pipe 38 feet 
Cased 348 
White Medina 542 
Red Medina 620 
Oswego sandstone _ I 200 
Top of Trenton 2 240 
Bottom of well 2 370 


A few wells have been drilled in the vicinity of Syracuse, but 
without any marked success in the discovery of a gas supply. One 
well, drilled by the Empire Portland Cement Co. on the site of its 
former works at Warners, reached a depth of 3526 feet, encountering 
the Trenton limestone at 2700 feet and cutting a sandstone which 
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was considered to be the Potsdam at 3500 feet. The well yielded 
a small volume of gas, insufficient to pay for the experiment. 

Oswego county. Local pools of natural gas are found at Pulaski, 
Lacona and Fulton, supporting about fifty wells altogether. The 
initial developments in this section took place about 1890. Both 
Pulaski and Lacona are still supplied with gas from the original 
sources. The wells at Fulton have not proved so persistent 
producers and have been mostly, if not wholly, abandoned. At 
Pulaski and Lacona the wells are bottomed at about 1ooo feet deep, 
or 400 to 500 feet in the Trenton limestone of which the top lies 
at 400 to 600 feet from the well mouth. The full section, as estab- 
lished from borings to the granite basement, is given by Prof. Edward 
Orton as follows: 


Pleistocene 0-96 feet 
Pulaski shale 200-250 
Utica shale 100-250 
Trenton limestone 600 
Calciferous 200 
Cambrian limestone and sandstone 35-90 
Precambrian granite at I 400-1 500 


Oneida county. Active prospecting for natural gas was carried 
on in the vicinity of Rome, New York Mills and Utica in the nineties 
of the last century. The results indicated the presence of gas in 
small quantities in the Trenton limestone and Cincinnati shales, 
but no persistent flows were found. The most encouraging indica- 
tions were encountered in the wells at Rome where the gas when 
first tapped issued under high pressure and at the rate of 500,000 
cubic feet or more a day. The flows, however, quickly subsided 
so that it was not considered worth while to attempt to distribute 
the gas for general use. Condensed records of wells in this section 
are here given. 


Well at Rome. 


Drift 125 feet 
Utica shale 660 
Trenton limestone I 095 
Beekmantown and Potsdam I 295+ 
Red granite at I 560 


A flow of gas was encountered at 830 feet under pressure equivalent 
to 6 inches of water, which would indicate 3,500,000 feet a day, 
but which rapidly declined so that in a few months the measured 
volume was only a few thousands a day. 


- 
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Well at Utica. The site of this well, drilled for water, is on the 
grounds of the Globe Woolen Mills It was drilled in 1896. A gas 
flow was encountered at 225 feet but was cased off. 


Drive pipe 48 feet 
Utica shale 495 
Trenton limestone 864 
Beekmantown and Potsdam I 304 
Granite to botto n at 1 855+ 


Gas in other counties. Sporadic attempts have been made to 
explore for natural gas in the outlying sections, beyond the limits 
of the known productive areas. Thus, wells have been drilled in 
most of the counties that lie between the Mohawk river and the 
Pennsylvania boundary as far east as the Hudson river. In many 
instances there have been some indications of gas, real or supposed, 
that supplied an incentive for undertaking the test; very commonly 
the observation of gas bubbles arising from the bed of a pond or 
lake has aroused interest, or the tapping of a little gas in a shallow 
well put down for water supply. The lack of success that has 
attended such undertakings seems to show that the eastern part of 
the State is of doubtful value, to say the least, and caution should 
be exercised in embarking upon any extensive campaign of drilling 
in this area. 

_ Well on Murphy farm, Catlin, Chemung county. This well was 
drilled by the Catlin Oil, Gas & Mineral Co. in 1902-3. A small 
quantity of gas was reported and a trace of oil, as indicated in the 


following record : 


Earth 17 feet 
Light gray shale 344 
Light slate ' 350 
Brown slate I 220 
First sand, some gas I 265 
Brown shale (3) 620 
Gray limestone, cherty I 625 
Brown shale I 670 
Salt I 718% 
Second sand, trace of oil I 763% 
Hard cherty limestone I 766 
Red shale, changing to black 2 155 
Third sand 2 195 
Black soft shale 2 200% 


Well at Binghamton, Broome county. The record of this well is 
taken from a paper by C. S. Prosser in the Bulletin of the Geological 


Society of America, volume 4, 1893. 


Bluish gray argillaceous shale 50 feet 
Gray shale, more sandy 150 
Bluish argillaceous shale 250 
Bluish, finely arenaceous shale 350 


Gray and blue shale . 550 
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Gray arenaceous shale, fossiliferous 700 feet 
Arenaceous and calcareous shale 800 
Blue arenaceous shale 850 
Arenaceous red and brown shale feYoye) 
Dark gray arenaceous shale I 000 
Bluish argillaceous shale I 000 
Mainly gray to blue arenaceous shale I 550 
Brownish gray finely arenaceous rock I 950 
Light gray arenaceous sandstone 2 000 
Bluish argillaceous shale 2 050 
Fine dark blue rock (Tully limestone?) 20250 
Blackish argillaceous shale (Hamilton?) 2 300 
Grayish argillaceous shale "2 350 
Gray argillaceous, slightly sandy shale 2 400 
Gray sandstone and blue shale 2 550 
Gray and blue shales and sandstones 2 600 
Gray sandy rock, fossil fragments 3 000 
Dark gray sandy rock to bottom at ain 7 


Weil at Norwich, Chenango county. The record is from the same 
source as the preceding. Altitude of mouth of well approximately 
1000 feet. 


Dark gray arenaceous shale 75 feet 
Mostly argillaceous shale (Portage) 125 
Bluish gray sandy rock (Portage) 175 
Fine gray sandstone (Sherburne) 250 
Dark gray and greenish shales, gas at 384 

feet (base of Portage) 450 
Biluish argillaceous shale (Hamilton) 620 
Gray calcareous shale (Hamilton) 685 
Gray calcareous shale (gas pocket) 875 
Dark gray arenaceous shale, fossiliferous 1 460 
Dark gray shales 2 050 
Dark blue to black shales (base of Ham- 

ilton) 2) 235 
Very dark shale (Marcellus?) 2 234 


Well on Beckunth farm, Cincinnatus, Coriland county. The record 
of the well was communicated to this office by L. Nusbaum. 


Gravel 40 fect 
Quicksand 7 
Blue limestone 110 
Pink rock 200 
Lime shells 254 
Casing to 275 
Hard shells 290 
Light slate (gas pocket) 330 
Hard limestone 305 
Black sandy rock at 395 
Salt water at 410 
Bottom of sand at 435 
Brown sand 580 
Salt water and gas 590 
Slate 636 
Light slate 700 
Brown shale 730 
Light slate 890 
Hard shelly rock 905 


I 
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Dark slate 928 feet 
Hard limestone 970 
Dark slate 980 


Hard brown sandstone 
Light slate 

Brown shale 

Hard sandstone 
Brown shale 

Hard sandstone 

Soft brown shale 


Lo oe A en oe BO ee | 
aN 
(oy 
On 


Well near Auburn, Cayuga county. This deep well, located 13 
miles north of Auburn, is reported by C. S. Prosser in American 
Geologist, volume 25, 1900. The condensed general section taken 
from the well log follows. 


Salina green and gray shales I 055 feet 
Niagara limestone and shales I 380 
Clinton shales (iron ore?) I 505 
Medina sandstone (some gas) 2 115 
Medina shale with some sandstone I 600 
Oswego sandstone 2 770 
Pulaski and Utica shales Beer 
Trenton limestone 3 570 


Well at Ilion, Herkimer county. The site of this well was on the 
grounds of the Remington Typewriter Co. and close to the Erie 
canal. It was put down for gas, of which small amounts were found 
at 800, 950 and 1003 feet in the Calciferous sandrock. , The following 
is a condensed record, based on the log published by C. S. Prosser 
(American Geologist, volume 25, 1900). 


Drift 195 feet 
Utica shale 475 
Trenton limestone 580 
Lowville limestone (lower part perhaps 
Calciferous) 630 
Calciferous sandrock I’ 105 
Precambrian gneiss to bottom I 135 


Well at Altamont, Albany county. A deep well for gas was drilled 
in 1886 at Altamont (formerly Knowersville) one-quarter of a mile 
south of the railroad station, and at an elevation of 510 feet above 
sea level. No detailed record of the boring was kept, but it is 
reported by C. A. Ashburner (see reference at end of article) that 
shales (Hudson River) were encountered to a depth of 2880 feet, 
at which point limestone (Trenton) was struck and penetrated for 
132 feet to the bottom of the well at 3012 feet. A gas pocket with 
40 pounds pressure was opened at 497 feet. 

Well on Finch farm, Knox, Albany county. ‘This boring was about 
43 miles from the Altamont well in a direction a little west of north, 
at an elevation 1155 feet above sea level. It penetrated gray and 
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black slates with thin sandstone beds to a depth of 2200 feet, passing 
the horizon of the gas in the Altamont well at 1000 to 1050 feet, 
according to Ashburner. No gas was found. 

Well tn Catro township, Greene county. A deep well for gas was 
put down in 1886 in the town of Cairo, Greene county, about 33 
miles southwest of Cairo village. It was located by Pennsylvania 
oil operators, who it is said expected to tap the Trenton limestone, 
although the formations in the vicinity are well up in the Devonian. 
Drilling ceased at 2200 feet after encountering nothing more than 
flagstones and shales of the Catskill series, without any gas. A flow 
of salt water entered the well at 610 feet and filled the bore to a 
height of 300 feet in 26 hours. 
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PEA 


Peat bogs are present in most parts of the State and altogether 
cover an extensive area. The most reliable estimates place the 
swamp lands at about 5 per cent of the entire surface, which is 49,204 
square miles. Just how much of the swamp area contains peat is 
unknown, but it is certainly a considerable proportion, as the condi- 
tions are usually favorable to the accumulation of peat. 

The occurrence of peat in New York has been described very fully 
in the early reports of Beck, Mather and Hall and more recently | 
in the papers by Ries and Parsons, to which references will be found 
at the end of this article. Parsons summarizes the general distri- 
bution of peat in the State in the following manner: ‘‘ It would be 
difficult to find a spot in the entire State that is more than 10 miles 
from a swamp, and though not all swamps furnish peat, yet it is 
within the limits of probability that peat will be found in at least 
half of them. The most extensive group of swamps is found in the 
Finger Lakes region and the lowlands near the St Lawrence river, 
though the largest swamp of all, the Drowned Lands of the Walkill, 
is in the mountainous part of Orange county, which borders New 
Jersey. Many peat deposits are found in the Adirondacks, and, 
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as exploration is carried farther, the recorded number will be much 
greater. The depth of the Adirondack swamps is likely to be much 
greater than most of the swamps in the central and western portions 
of the State, though the few visited by the writer are not very deep.”’ 

Details of occurrence. Mather! estimated that 1ooo acres of 
' peat land were to be found in New York, Westchester and Putnam 
counties, with a probable yield of 2,000,c00 cords. Much of the 
area, no dowbt, has long since been converted to such use that the 
peat is no longer'recoverable. This applies to New York and West- 
chester counties particularly, but wild swamp lands are still to be 
found in Putnam county. 

Orange county once contained 40,000 acres of peat swamps (Ries). 
The largest single area is that of the Drowned Lands, west of 
Warwick, which once covered 17,000 acres. A good part has been 
drained and converted to agricultural use, but there are still areas 
of open and forest-covered peat lands. Parsons found the peat to 
vary from almost nothing to 18 feet in thickness. Measured sections 
are reported by him as follows: Pine island, 18 feet, bottom not 
reached; Black Walnut island, 18 feet, bottom not reached; one-half 
of a mile west of Durandville, 16 feet; 14 miles west of Durandville, 
17 feet; one-half of a mile west of Big island, 12} feet, bottom not 
reached; 1 mile west of Big island, 123 feet, bottom not reached; 
Florida, 18 feet, bottom not reached. 

The Greycourt meadows, between Chester and Greycourt along 
the Erie Railroad, contain about 3000 acres of peat land now 
employed in agriculture. 

Near Pine Plains, Dutchess county, peat is found on the matgin 
of Stissing pond and south of there along the valley. Mather 
estimated 500 acres of a 6-foot bed in this vicinity, but Parsons’s 
tests indicated the peat to be patchy. 

In northern New York occur numerous sti lakes and swamps 
which contain more or less peat. An extensive tract of peat is 
found om the line of the Champlain canal in Kingsbury township, 
Washington county. Also in the vicinity of Fort Edward and Glens 
Falls in the Hudson valley are peat lands in areas of a few acres to 
several hundred acresiextent. Plants forutilizing thepeat-were erected 
near Glens Falls some 40 years ago. One of these plants operated 
in the Rosecrans swamp northeast of that city. A second plant 
was’ built for working the peat between Glens Falls and French 
mountain on the Lake George road. Im neither case was any large: 
output made. 

“' Geology of First District of New York. Third Ann. Rep’t, p. 74. 
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Probably the largest areas of peat in northern New York are on 
the northwestern side of the Adirondacks, where the slope of the 
land is much more gradual than elsewhere and the drainage has 
been obstructed by glacial accumulations. Nearly all the streams 
that flow out of the Adirondacks on that side are colored by organic 
matter derived from swamps on their headwaters. The Black, 
Oswegatehie, Indian and Grass rivers all drain extensive swamp 
lands, but very little is known as to the character and quantity 
of peat found in them. A dredge for recovering the peat on the 
bottom of Black lake, which is an expanded part of Oswegatchie 
river, was built a few years since at Heuvelton, near Ogdensburg, 
but was never placed in operation. The engineers in charge of the 
enterprise reported that a large supply of peat occurs on the borders 
of the lake. 

In central and western New York occur some of the largest 
marshes in the whole State. Just west of Rome and northwest of 
that city on the line of the Rome, Watertown and Ogdensburg 
Railroad there are several thousand acres of bog lands which 
recently have been partially drained and put under cultivation. 
The new barge canal was instrumental in effecting the improvement 
of this tract, as it supplied an outlet for the water several feet below 
the old channel of the Erie. The peat and muck beds range up to 
4o feet thick. A section given by Ries shows: Swamp muck, 3 to 
5 feet; peat, 3 to 6 feet; moss peat, 8 to 12 inches; shell marl, 2 to 
4 inches; mud, 1 to 2 feet; gravel, 1 to 3 feet; hard pan, 18 to 20 
feet. A factory for converting the peat into commercial fuel was 
erected near Rome some years ago, but was not long in operation. 

The Cowaselon and Cicero swamps lie just south of Oneida lake 
and extend for nearly 25 miles in an east-west direction with an 
extreme width of 2 miles. Cowaselon swamp is the eastern part, 
north and northwest of Canastota, and has been mostly drained by 
the Douglas ditch, providing excellent land for onion-growing. 
From 33 to 6 feet of peat are shown in the sections by Parsons 
between Oniontown and Ognon. 

Montezuma marshes comprise a tract north of Cayuga lake, some 
8 miles long and 2 or 3 miles wide. There is a bed of peat over 
much of the area, with a thick deposit of marl below. The marshes 
are intersected by the Seneca and Clyde rivers which periodically 
flood the lands and deposit more or less silt, so that the peat is not 
of first quality. 

Oak Orchard swamp is an extensive area of partly forest covered 
land in Genesee and Orleans counties. It includesa large proportion 
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of excellent agricultural land. The eastern section of the swamp 
is reported by Parsons to have the greater thickness of peat, but 
_ apparently little of it would be available for working in view of 
the value of the soil for other purposes. 

Uses of peat. A great deal of experimentation has been carried 
on with a view to the industrial utilization of the peat beds of the 
State. Plants have been erected at one time or another in the 
principal bogs, but apparently attained little commercial success 
as in most instances operations were discontinued after brief trials. 
Among the causes leading to failures, no doubt, one of the most 
common has been the lack of experience on the part of the designers 
of plants in regard to the methods of preparation and handling 
peat as worked out in other countries which have an established 
industry. Much wasted efort has been directed to the designing 
of new types of machinery for harvesting, briquetting and drying 
the peat which a little inquiry into the matter would have proved 
futile at the outset. 

Peat in its natural condition is not a fuel. As it comes from the 
bed it carries 90 per cent, and often more, of water. That is 100 
pounds of the wet peat will yield only ro pounds of water-free 
material. It is a difficult and expensive operation to expel all of 
the water and to do so mechanically with artificial heat is imprac- 
ticable, as it entails a consumption of heat units in the drying 
apparatus that is commensurate with, or in excess of, the heating 
value of the dried peat that is recovered. Consequently the drying 
must be carried out for the most part at least by natural means, 
that is by air-drying, the method employed in the peat bogs of 
Ireland and Sweden for converting the peat. into domestic fuel. 
By air-drying the moisture content may be reduced to 25 or 30 
per cent. The remaining water seems to be held in chemical com- 
bination with the cellulose and its expulsion is accomplished only 
at temperatures above the normal. When peat is heated at high 
temperature in a retort to drive off the moisture there is a loss of 
combustible matter in the peat itself. 

This problem of the drying of peat has been the principal stumbling 
block in the road of commercial enterprises. Mechanical drying, 
so far, has proved a failure, and the only practicable method seems 
to be that of air drying which means of course an intermittent 
operation confined to a few months of the year. Peat that has 
been air-dried, containing around 25 to 30 per cent water, has about 
one-half the heating value of good commercial coal. 
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Perhaps the most promising field for the employment of peat 
as fuel is in connection with the gas-producer for power plants 
whereby the recovery of the nitrogen content in the form of ammo- 
nium sulphate becomes practicable. In this case it is not necessary 
to carry the drying operation beyond a point readily attained by 
natural means; a further advantage inherent in this method is that 
the peat requires no compressing as is necessary when it is to be 
employed at a distance from the bog. The nitrogen content of the 
peat then becomes a matter of importance, since with proper appa- 
ratus for its recovery a very considerable drawback upon the operating 
costs might be realized. The gas produced by the combustion of 
the peat, after removal of the nitrogen compounds, is used for fuel 
or power. 

Undoubtedly the most thorough investigation of the possibilities 
of peat as fuel that has been carried out in recent years is that of 
the Department of Mines of Canada which conducted working tests 
over a period of two years under expert guidance. A report’ pre- 
pared by B. F. Haanel gives a full account of the results obtained, 
as well as a review of the progress made in the use of peat abroad. 
The following paragraph from this report is presented as a succinct 
and reliable statement of the situation in regard to the commercial 
aspects of peat for fuel: 

“Unless the manufacture of peat fuel is conducted on a bog 
situated reasonably near a community which is able to take over 
the entire output produced, peat manufactured for domestic or 
fuel purposes alone would not prove a profitable venture. This is 
due to the comparatively low heating value of peat, to its moisture 
content and to the large volumes it occupies per heat unit, as 
compared with coal; and when to these disadvantages is added that 
of high freight rates per ton, the reason of the foregoing statement 
will be obvious. But while peat may serve as a domestic fuel in 
only certain cases, it may be well adapted for the production of 
power, or as fuel gas. This is especially so in the case of peat 
which has a high nitrogen content, since this element can be profitably 
recovered in the ammonia gas formed in the by-product recovery 
producer. According to the process employed in by-product recovery 
work, the ammonia gas is fixed with sulphuric acid, and the resulting 
product ‘“‘ammonium sulphate’ is then sold for agricultural pur- 
poses. The demand for this product is, today, greater than the 
supply, consequently its price per unit is somewhat high. Whenever, 
therefore, the nitrogen content of the peat is sufficiently high, the 


1 Peat, Lignite and Coal. Mines Branch, Department of Mines, Ottawa,1914 
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production of a fuel, or power gas, accompanied by by-product 
recovery, would prove profitable. But in the case of the production 
_of power, the same economics must be introduced into the manu- 
facture of power that apply to a domestic fuel, and even though the 
content of nitrogen is well above the average, any increase in the 
cost of fuel rapidly decreases the expected profits. Peat is a low 
grade fuel which must be manufactured and sold at a comparatively 
low cost, if it is desired that it should serve as a substitute for coal. 
It is evident, therefore, for the foregoing reasons, that the manu- 
facture of peat fuel does not hold forth any glowing prospects for 
getting rich quickly, although reasonable and very good profits 
should in almost every case be realized when the industry is run 
on a business-like basis. But the element of speculation, and some 
of the commonly practiced methods of promotion must be eradicated 
if the peat industry is ever to become an accomplished fact.’’ 

The largest development in the use of peat in this country has 
been in the agricultural field, wherein the material is used both 
directly on soils and in mixture with chemical fertilizers. The 
more thoroughly decomposed nitrogenous peats are preferred for 
this purpose. A special form that has excited some interest in 
agricultural experiments is bacterized peat, prepared by sterilizing 
the natural peat at a temperature of 130° C. approximately and 
then adding lime until the material is neutral. After this the peat 
is inoculated with bacteria which have the property of fixing 
atmospheric nitrogen. Bacterized peat is supposed to enrich as 
well as stimulate the soil. Reports by agricultural experts do not 
agree as to the results obtained in the use of this preparation. 

It has long been a common practice in many: parts of the State 
to employ the black, decomposed peat or muck as an amendment 
for soils. More of this material has been employed than for all 
other purposes. Its use is recommended in soils deficient in humus; 
it also improves the physical condition of certain soils, helping 
sandy soils to retain moisture and making clayey soils more open 
and porous. No accurate information in regard to the quantity 
of material employed in this way has been secured. 
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PETROLEUM 


The oil region of the State is in the southwestern part and com- 
prises a stretch along the Pennsylvania border in Cattaraugus, 
Allegany and Steuben counties. The area altogether is about 40 
miles long east and west and extends 15 miles or so north from the 
state line. It is the northerly extension of the Appalachian field, 
which reaches its main development in Pennsylvania, Ohio and 
West Virginia. There are a number of pools within the area and 
their bounds have now been accurately delimited by exploration. 
No new pools of importance have been discovered within the last 
20 years. 

The first oil well in the New York field was drilled at Limestone, 
Cattaraugus county, in 1864. The boring showed oil but not in 
paying quantities. It attracted notice to the locality, however, 
and a deeper well soon after encountered a heavy flow that aroused 
interest in the possibilities of the section. Active work in Catta- 
Ttaugus county did not begin until several years later, in fact the 
first systematic exploration dates from 1875-6 with the spread of 
the prospectors from the Pennsylvania region which at about that 
time was the scene of a tremendous oil boom. By 1878 there were 
over 250 wells in Carrollton township and oil had been found in 
the adjoining Allegany township. The exploration of the Allegany 
county area began in 1881 with the discovery of the Richburg pool, 
one of the largest in the State. 

Production. Statistics of production are available only for the 
period from i891 on, as in earlier years the output was combined 
with that of Pennsylvania. The following figures have been com- 
piled from the volumes of the Mineral Resources and from reports 
received directly from the field. 


Production of petroleum in New York ‘ 


YEAR BARRELS VALUE 
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Production of petrolum in New York (concluded) 


YEAR BARRELS VALUE 
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The crest of production had already been passed by 1891. The 
largest output was made in the years 1880-1885 when the flow 
reached as high as 5,000,000 barrels annually. The number of 
producing wells at present is in excess of 11,000. According to the 
Mineral Resources for 1916, there were 11,200 wells in production 
on December 31st of that year. About 3000 of the total are in 
Cattaraugus county, 8000 in Allegany county and the remainder 
in Steuben county. 

It will be seen from the above table that the production during 
the last four years has varied very little, averaging a little under 
1,000,000 barrels annually. The maintenance of the output at such 
an even rate during the declining stages of the industry is quite 
remarkable and in striking contrast with the history of most fields. 
This is largely the result of adherence to a policy of conservation 
and economy on the part of the producers. The product of the 
New York wells is too valuable to be wasted, commanding the 
highest market prices paid for Appalachian oils. The economy 
with which operations are conducted is indicated by the fact that 
the average well yield is only about one-fourth of a barrel a day. 
The development of the remaining areas of undrilled ground and 
the redrilling of intermediate wells may be expected to report an 
active industry for a number of years to come. The product is 
handled by several pipe-line companies and shippers, including the 
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following: Columbia Pipe Line Co., Union Pipe Line Co., Fords 
Brook Pipe Line Co., Buena Vista Oil Co., and Madison Pipe Line 
Co. of Wellsville; Vacuum Oil Co., Rochester; New York Transit 
Co., Olean; Emery Pipe Line, Allegany Pipe Line Co., Tide Water 
Pipe Co., Limited, and Kendall Refining Co., of Bradford, Pa. 
There are refineries at Wellsville and Olean. 

Geological occurrence. The oil is found in fine-grained, dark- 
colored sandstones which have been assigned generally to the 
Chemung formation of the Upper Devonian. The Chemung in this 
section is partly mantled by conglomerates and sandstones of the 
Carboniferous, the only representative of the coal-bearing series to 
occur in the State. The precise horizons of the oil can not be 
definitely stated and their determination will require very detailed 
field work which hitherto has not been practicable on account of 
the lack of accurate field maps. 

The main oil sand in Cattaraugus county is called ‘‘ Bradford ” 
from the Bradford, Pa., district, which is just across the state line. 
In Allegany county the main horizon is recognized as the ‘“ Rich- 
burg.” In the southeastern part of that county and extending 
over into Steuben county is the Andover field with two producing 
sands, the upper called the ‘‘ Penney ’’ and the lower called the 
“Fulmer Valley’ sand. In the Bolivar or Richburg pool in the 
southwestern section the main “‘ Richburg”’ sand is succeeded 80 
feet below by the “‘ Waugh and Porter’ sand. In the small Scio 
field which lies about midway of the county and north of the others 
there are two sands 280 feet apart, the uppermost being called the 
“Richburg” and the lower the ‘‘ Waugh and Porter.” 

The depth to the sands varies from 800 feet in the valley wells 
to 2000 feet or more in the borings made on the high ground. The 
following details of the different pools are taken mainly from the 
articles by I. P. Bishop’ and D. A. Van Ingen? in the reports of the 
New York State Museum. 

Allegany county pools. The Andover pool lies mainly in the 
town of Andover, but extends over the line into the town of Green- 
wood, Steuben county. The original wells were drilled for gas 
and the first ones were put down in 1889. Their depth ranges from 
700 to 1300 feet, depending on the surface configuration. There 
is a considerable flow of gas, more than sufficient to supply power 
for pumping. Some sample well records are here given. 


1N. Y. State Mus. Ann. Rep’t 51, v. 2, 1897 and 53, v. 1, 1899. 
2N. Y. State Mus. Bul. 15, 1895. 
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Richards well, lot 20, Greenwood, Steuben county. 


ititianene Wore oY UN edad 60 feet 
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Updike well, near county line. 
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The southwestern extension of the Andover pool is designated 
sometimes. as the Fulmer Valley pool. 

The Alma pool lies close to the state line about midway between 
the eastern and western limits of the townships. The wells are 
from 800 to 1500 feet deep. The pool lies along a northeast-south- - 
west axis within sandstone 10 to 20 feet thick. A condensed record 
of one of the wells follows: 


SUMMA CE NATCIIONS Ko. se cusye) « ceepen en ecg 100 feet 
Sandstone ana Shales smc. s scche nn 210 
Sandstone with water.............. 218 
Sandstone andishale cj 0h... men 975 
Sandstone with oil and water....... 995 
Sb lic SORA ae ea OO a A Re I 109 
CNG aaron f Sen ave SEOUL avs ven ee peeneedet oe I 126 
inlarden orayasanldscOMes sores s.s 12 eae I 143 
Bottom afseil sand’). 0 nn. BANA: I 153 
[ran atta) ee ADe Zt, SRE SOI oh Ane ee 7 


The Waugh and Porter pool covers a small area to the west of 
the Alma pool, in the town of Bolivar. It was opened in 1882. 
The wells tap the ‘“‘ Richburg” and ‘“‘ Waugh and Porter” sands 
which are separated by shale. The wells have a depth of from 
13:50 to 1700 feet. 

The Bolivar, Richburg and Wirt pools form a contiguous and 
coalescent group, the oldest and largest section of the Allegany 
county district. They underlie parts of Alma, Scio, Bolivar, Wirt, 
Genesee and Clarksville townships. The earliest wells were put 
down in 1882, at Richburg about in the center of the district. The 
“ Richburg’ sand is here from 25 to 50 feet thick and lies 1400 
to 1800 feet deep. A sampie record of a well near Richburg follows. 

Well No. 2, lot 33, Bolzvar. 


Gasisand (Zo feetyratin... cues ate pian I 341 feet 
Gi ates kane Oa Ve Ue eRe aires I 383.5 
Botbomiyoil\sand ati) isan ae nee I 408.5 
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The Clarksville and Niles pools lie to the west and north of the 
preceding and occupy a narrow belt with a northeast-southwest 
axis. The Clarksville is the larger, extending about five miles in 
the towns of Clarksville and Wirt. The Niles is just to the north- 
east in the town of Wirt, and about a mile long. The two are 
separated by a dry belt of one-half of a mile. Most of the wells 
are from 1000 to rsoo feet deep. 


Nile well. 
Blwershalenarnmiy sae eres siee sie a eer 400 feet 
White sand! (arst sand?)iate..) 2400. 630 
Sore bluetrockiacy Males py gu da 880 
Secomdusaracd (dank) aaae sauna ila (eYo{o) 
Me NSITAe me heme nies tHe te mate et etrec eves) 910 
Slate with oil sand (3-8 feet)........ I 200 
ID aiale Sa ea UNL Mlen sh MeR meena ee ey Ue I 600 


The Scio pool near the village of Scio, is a small pool lying in an 
isolated portion and apparently independent of the others. The 
sand is shallow, 450 to goo feet from the surface, and the oil of light 
gravity. There is a very little gas in this pool. 

In northern Allegany county is the Short Tract or Granger pool, 
in the town of Granger near the Livingston county line. It was 
the scene of active exploration in 1906-8 when about thirty wells 
were put down which, however, did not prove profitable. The pool 
has since been abandoned. Oil was reported in a well drilled near 
Swain in the town of Grove at a depth of 740 feet. The deep well 
at Canaseraga in the town of Burns, mentioned under the head of 
natural gas, found a little oil at 275 feet in gray sand and again at 
875 feet in chocolate sand. 

Cattaraugus county. The oil district includes a small area in 
the southern townships mainly in Olean, Allegany, Carrollton and 
Red House. A few successful wells have been opened also in the 
town of Humphrey in the second tier above the Pennsylvania line. 
As in Allegany county there are a number of individual pools whose 
boundaries have now been well defined by exploration. The largest 
of these lies directly on the boundary and is'an immediate extension 
of the Bradford district so that it may be designated as such. The 
pool is about ro miles long east and west and 23 miles wide as a 
maximum, with a total area of about 15 square miles. The eastern- 
most part in the town of Olean is sometimes referred to as the 
Haymaker pool, as it is set off from the rest by a narrow strip of 
dry ground. The Allegany pool is farther north in the town of 
Allegany and west of Olean. It is intersected by the Allegany river 
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and measures about 4 miles long to 2 miles wide. 
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The Chipmunk 


and Flatstone are connected pools, mainly in the town of Carrollton 
- but extending over into the town of Allegany. The Rice Brook, a 
‘small pool, lies to the west of this near the west border of Carrollton 
township. There are three or four little pools with a few wells each 


in the town of Red House; also 


5 miles north of the Allegany pool. 


one in the town of Humphrey about 
A number of well records for 


the Cattaraugus county district are given in Bishop’s paper’ from 
which a few examples are here reproduced. 


Bunnell well no. 2, lot 3, Allegany. 


MO uO classi met tego. poeta vad tna, Wee ayer 25 feet 
(CEISTINNEe Syl A aa cae oh Nh Micelle ARAN eal a 285 
Salttwaterianwewne sees ere 400 
Binstisan ca (mals))h eee pe eh) ae eas 510 
SECOMGESATIG Me Wye ei gh aye ace 800 
Gaslate eta eon cet: ane nme Os ec Nlaget I 020 
Mopiiaindisand: aye eee uta ae I 080 
Bottomithirdisand-a!. Seger eee. I 157 
Bottomior welluei, aoe vane we iN I 197 
Well no. 1, section 6, Olean. 
CASING ci miew cbMenteren ashe id ious tensor S 244 feet 
Top Chipmunk sand at............ 850 
Bottom Chipmunk sand at......... 880 
Noprsecond:sandiatyies «csc ceae 990 
Bottom second sand at............. I O51 
Top third sand (shells) at.......... I 390 
Bottom third sand (shells) at....... I 451 
Bottomvok wells. 87 ea I 714 
Well on John King farm, Carrollton. 
Casi: AF ae es Loe A LE 2 270 feet 
Gasat Nanri. ae ey Amt BE rc MN cca ‘ 570 
Mop) oiltsandi(@4teet)eaman sone 575 
Bottomvoilisandiats (ih) ohgeei nee 599 
Well no. 1, Rumsey farm, Carrollton. 
TD rahite eps Seder Seri oe tl sgehae caer 5 240 feet 
Cementienavieliatenae arate cca 284 
Driver piper sey yak seaiin sat) nid 285 
Oikandi salt waterta asics an sehen sek 480 
AMliGtlefoitltatem seme uynes si Lie nea aa tae 580 
iow lonesasiancdvolanie mee an sae 800 
Bottomnor welll. jw dH. sisi.) viene pn 882 


Well on Loup farm, Olean. 


The record of this well is compiled 


from data given by C. A. Ashburner (see references below), who 
reports it to have been the largest gas producer in the region that 


had been opened up to the year 1877. 


The yield was estimated 


1N. Y. State Mus. Ann. Rep’t 51, v. 2. 
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by him at 24,480,000 cubic feet of gas and about one barrel of oil 
aday. The top of the oil sand is put at 1785 feet below the bottom 
of the Olean conglomerate and the well is stated by Ashburner to 
lie in a syncline. 


MPO TOC es Ue BO SU AL ERS 16 feet 
(CRYSTE OVERNIGHT 196 
Gray shales and slate.............. 625 
Fine shelly sandstone.............. 675 
Slaalies yt yatopebin na a seule heAMli Gadi, 870 
Fine sandstone and shales alternating 960 
ITS gast sara eV Gin Ai eM MUNG 1180 
Main (Bradford) sand............. 1230 


Well on Joseph Renaldz farm, lot 45, Red House. 


Gast gga setName ald Al 300 feet 
Seunel (Closhoxanysnol<?)) ates 4 bss lek ea 680 
Mop second sandlaty aw 2 ey tae 1049 
Bottom second sand at............. 1059 
BLO VG SAM Gna bie Vue ACr ey All leer 1095 
Hop Bradtosdisandiat isa nwhn 12s 1359 
Bottom Bradford sand at........... 1429 
IB oOtcormuon pw elle psi cecieus im, nie 1562 
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PAR Tas 


There has been no marked increase in the production of pyrite 
for acid making in the last few years, but developments are now in 
progress that will doubtless lead to a considerable gain in productive 
capacity in the near future. These developments have centered 
about the St Lawrence and Jefferson county district, on the north- 
west side of the Adirondacks, where mining operations on a fairly 
extensive basis have been carried on for the last fifteen or twenty 
years. ‘This district contains great resources of easily available ores, 
but the deposits are low grade and their commercial exploitation 
involves a considerable capital outlay for mining and milling equip- 
ment necessary to place an undertakng on a successful working 
basis. 
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Information as to the general distribution and features of the 
pyrite deposits in Jefferson and St Lawrence counties has recently 
_appeared in a report’ by A. F. Buddington, prepared under the 
direction of the State Geological Survey during the summer of 1917. 
A brief description of the principal ore deposits of the district were 
contributed by the writer to the Engineer'ng and Mining Journal 
(December 1, 1917). 

Nature of the deposits. The pyrite deposits are usually spoken 
of as veins, but they are really bands or zones of the country gneisses 
and schists impregnated with the sulphide and more or less vitreous 
quartz. ‘The mineral occurs in two forms: as finely divided particles 
more or less evenly distributed through the gangue and as agegre- 
gates of coarser grains and crystals in bunches, veinlets and stringers 
of more irregular distribution. Some of the ore contains little else 
than fine granular pyrite in a gangue consisting of feldspar, quartz 
and mica, with usually considerable amounts of chloritic material 
of secondary origin. In other examples the ore is a network of small 
stringers or veinlets intersecting the gneiss or is made up of alternating 
bands of sulphides and country rock, in both of which types the 
pyrite is much coarser than in the disseminated ores. As a rule 
the grade of the ore depends upon the extent to which the veining 
and banding occurs. The disseminated variety unmarked by these 
_ features rarely contains more than ten or fifteen per cent of sulphur. 
The richer grades, in which there is a considerable percentage of 
coarse pyrite, average 25 to 30 per cent sulphur. 

Some pyrrhotite is usually present along with the pyrite. It is 
rarely intermixed with the latter, but tends to segregate in a sepa- 
rate part of the deposit, for example, along the walls or in inde- 
pendent bodies. It is much less common than the other sulphide 
and rarely is found in any considerable bodies. In sulphur content 
the pyrrhotite ores are practically on a par with the pyrite ores, not- 
withstanding the wide difference in composition of the two 
minerals. 

The pyrite deposits show marked persistence along their strike, 
and where they have been mined underground they have been 
found to be persistent on the dip as well. The thickness, however, 
is usually small compared with other dimensions. In most localities 
they are not more than 15 to 20 feet thick, measured from wall to wall. 
A maximum thickness of 40 feet is found in parts of the Anna mine, 
near Hermon, and 80 feet is reported to have been found in one of 
the deposits at Pyrites. In the long stretch in which the deposits 


tN. Y. State Defense Council Bul. 1, Albany, 1917. 
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outcrop between Antwerp and Keene the thickness averages in most 
places between ro and 12 feet. 

Distribution. The report by Buddington, already referred to, 
describes the pyrite deposits as occupying long belts of which seven 
in all are noted in St Lawrence and Jefferson counties. The more 
important of the belts form a single major belt or zone some 40 miles 
long and from 3 to 4 miles wide extending in a northeast-southwest 
direction from near Antwerp, Jefferson county, to near Canton, 
St Lawrence county. This zone is practically conterminous with the 
great belt of Grenville strata in that region. In fact, the gneisses 
and schists in which the ores are usually found are part of the Gren- 
ville series of metamorphosed sediments which include also crystal- 
line limestone as an important member. Buddington defines the 
principal belts as follows: Pyrites-Hermon belt on the northeast 
end. A narrow belt of Grenville gneiss in the towns of De Kalb 
and Gouverneur, running northeast from the Cole mine. A belt of 
gneiss occurring in the towns of Pierrepont, Hermon, Fowler, Rossie, 
Antwerp and Philadelphia. The Laidlaw belt extending from Oxbow 
into the town of Antwerp, between Halls Corners and Oxbow. 
Another belt lies two-thirds of a mile southwest of Oxbow. In 
addition there are smaller areas of pyritic gneisses in the vicinity of 
Silvia lake, town of Fowler, and just east of Talcville, town of 
Edwards. The principal mining operations hitherto have been 
centered on the deposits at Pyrites, the Stella Mines near Hermon 
and the Cole property in the vicinity of Gouverneur. The most 
promising of the undeveloped deposits probably, all things con- 
sidered, are those situated in the Keene-Antwerp belt in the vicinity 
of Oxbow. 

Mines at Pyrites. A vein or band of pyrite ore is exposed along 
the Grass river ‘n the vicinity of Pyrites for a distance of over 
one-half of a mile. The vein as shown on the surface ranges from 
8 to 20 feet thick and has been attacked in several places by open- 
cut excavations. It also has been worked under ground. The 
principal mine operations were in the period 1886-1906, when the 
High Falls Pyrites Company and later the National Pyrites Com- 
pany exploited the deposit. Two inclined shafts were put down 
along the dip of the ore. A mill of 50 tons daily capacity was 
erected at the mine for concentration. In 1907 the mines were 
taken over by the Oliver Mining Company, which carried out 
extensive exploratory operations with the diamond drill. These are 
reported to have been successful in showing the presence of large 
resources of the ore, but no active mining has since been undertaken. 
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About 900 tons of ore were taken out by the company for experi- 
ment, which are reported to have averaged 22 per cent sulphur and 
to have yielded 300 tons of concentrates. In the earlier period 
of active mining the deposits had been worked to a maximum 
depth of 250 feet. The better grade of ore is said to occur in shoots 
which have a northeasterly trend and a northwest dip. Pyrrhotite 
occurs in considerable bodies, but is not mixed with the pyrite to 
any extent. 

Stella mines. These are 1 mile north of Hermon. They include 
workings on the Stella vein which were first opened and has been 
exploited to a depth of 900 feet on the dip and for r1oo feet along 
the strike, with an average thickness of from 10 to 12 feet and the 
Anna workings which are based on parallel ore bands which measure 
50 feet thick in the aggregate and are tapped by a single shaft. 
The mines are now operated by the St Lawrence Pyrites Company 
who took over the property about 1905. 

The upper vein on which the Stella shaft is situated is a thin 
band which shows great regularity and persistence. It has a 
northeasterly strike and a dip to the northwest of from 20 to 30 
degrees. Work on the deposit has been discontinued of late years 
and operations carried on solely in the Anna mine, where there are 
four parallel ore bands with an aggregate thickness of 50 feet or 
more. The individual veins are separated from each other by 
75 to too feet of country rock which here is a basic hornblende 
type that may be a metamorphosed gabbro. The Anna shaft is 
over 600 feet deep and the connected levels extend 1800 feet along — 
the strike. The crude ore is treated in a mill equipped with jigs 
and tables. The concentrates as shipped carry about 45 per cent 
sulphur. The milling capacity is about 250 tons crude ore a day 
with one-third to one-half of that amount in concentrates. 

Cole mine. This property was worked for several years by the 
Hinckley Fibre Company who shipped the ore crude for use in 
sulphide manufacture. In 1917 the New York Pyrites Company 
was organized for its operation. The new undertaking has begun 
shipments of crude ore, but contemplates the erection of a mill 
which will enable the output to be marketed in a more desirable 
form for acid manufacture. The installation of mine and milling 
plan has been in progress during 1918. The shape of the ore bodies 
at this locality shows a considerable departure from the simple form 
that characterizes most of the other deposits in the district. The 
structure of the deposit, however, has not yet been satisfactorily 
worked out. In the early operations two bands or veins were 


MINERAL RESOURCES OF THE STATE OF NEW YORK 213 


encountered, on one of which the shaft was sunk 225 feet in 15 to 
18 feet of ore with a northwest strike. On the hanging side, separated 
by 15 feet of schist, is a second body which was drifted on for go 
feet in a northeast direction and for 60 feet at right angles thereto. 
It was developed by later operations that the vein in which the 
shaft is located and the overlying ore body are connected on the 
northwest side by a band of ore ro feet thick. It seems likely that 
the ore in this locality has been folded subsequent to its deposition. 
Recently a series of prospect pits has been made to the southeast 
of the mine between there and the highway. A thickness of 30 
feet of ore is here indicated. The pyrite is of a different type than 
seen in most of the mines. It is conspicuously banded in alternate 
layers of coarse and fine material. Some specimens are practically 
pure sulphides and the average content of the run of mine is well 
Over 25 per cent sulphur. 

Keene-Antwerp deposits. One of the most persistent belts in the 
region is along the line of the railroad between Keene station and 
Antwerp, paralleling the railroad on the west and lying along a well- 
defined valley which is defined by low granite ridges on the east side 
with a more general sloping ridge opposite, usually of limestone. 
The belt is about 5 miles long and is composed of successive bands 
of pyrite schist which occur at slightly variant horizons. The rich 
portions of the schist that occur here and there afford promising 
ground for prospecting if not actually for mine developments. Some 
of these richer occurrences are on the Caledonia, Keene, Morgan, 
Wright and Dickinson properties, all of which contain hematite 
ores that have been worked on a larger or smaller scale in years 
past. On the northern end the pyrite occurs mostly in finely divided 
condition distributed in a schist composed of quartz, feldspar and 
chlorite which forms one of the walls of the hematite deposits. 
samples of the ores of this type show on‘analysis 20 per cent sulphur 
or a little more. In the middle section of the belt there is more 
of the coarse secondary pyrite which occurs in veinlets and bands 
that intersect the schist. Such material is not only higher in grade 
but there is more suitable material for concentration. The individual 
bodies measure from 15 to 20 feet wide as shown on the surface 
and can be followed for several hundred feet in places without 
apparent diminution in size. Up to the year 1918 practically no 
work had been done on these deposits and their extent seems to 
have escaped the attention of those engaged in mining in other 
parts of the district. The development operations have been under 
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way during the spring and summer of the current year and some 
shipments of lump ore have been made. 

Deposits near Oxbow. Pyrite ore outcrops in force on the Laidlaw 
farm 1 mile southeast of Oxbow and just south of Antwerp highway. 
The exposures lie on the west face of a small knob which is composed 
of garnet-biotite gneiss with about 50 feet of pyritic gneiss exposed 
on the northwest side. The outcrop of the ore is marked by a 
heavy iron-stained cap. The richer ore occurs near the top of the 
exposed band of pyritic gneiss along the eastern flank of the hill. 
It has been prospected in two or three places and near the southern 
end of the hill a shallow shaft has been sunk. Another prospect 
lies near the north end. Little can be seen in these openings but 
about 150 feet south of the shaft ore appears in outcrop for a distance 
of 50 feet along the strike with a width of about 22 feet. The 
upper 18 feet of this band is fairly rich pyrite ore. ‘The lower four 
feet consists of pyrrhotite. Samples of the vein taken in the 
shaft opening showed on analysis 28 to 29 per cent sulphur. 

Pyrite schists occur on the Frank Bent farm 23 miles southwest 
of Oxbow where the band of schists or gneiss has a thickness alto- 
gether of 50 to 60 feet. The richer ore occurs in the central part 
of the band with about 25 feet that is rather heavily charged with 
sulphides. In one place a prospect has been put down for a few 
feet in the ore. The total length of the exposed vein is about 4oo 
feet but there is no dowbt it extends much farther than that. The 
pyrite outcrops a short distance from some iron ore pits. A sample 
of the sulphides made up of several specimens taken from different 
parts of the vein returned 22.15 per cent sulphur. 

Other pyrite showings in St Lawrence county. In the report by 
Buddington previously noted, mention is made of a test drilling by 
the St Lawrence Pyrite Company at a locality one-quarter of a mile 
west of Pyrites. The drill is said to have encountered 11 feet of 
fairly rich ore, beginning at 94 feet from the surface. A prospect 
pit is found 1 mile from Pyrites in a direction a little south of west. 
The pit is shallow and reveals an ore made up of pyrite and pyrrho- 
tite in about equal quantities. The two minerals occur in irregular 
branching veinlets with occasional pockets and bunches of the 
sulphides. 

In the vicinity of the Ore-Bed school, town of Hermon, are found 
ore bands of pyritic gneiss which have been prospected to a small 
extent. One band of the gneiss forms the hill on the east side of 
the road one-quarter of a mile north of the school house and consists 
of an injected gneiss of which the outcrop is marked by the usual 
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rusty appearance. Two veins of pyrite occur but they are poorly 
exposed and their size is undeterminable from present observations. 

A prospect shaft was put down some years ago on the Alexander 
Parr farm, now owned by Henry Fleming, situated 3 miles north- 
east of Bigelow, in the town of De Kalb. The portion of the vein 
to be seen in the shaft, which is partially filled with water, consists 
of about 63 feet of pyrrhotite. About 50 yards north of the shaft 
a prospect exposes about 9 feet of pyrrhotite. Typical specimens 
of the ore returned 20.80 per cent sulphur and o.22 percent arsenic. 

The Mitchell prospect is in the town of De Kalb. about 22 miles 
northeast of Bigelow, on property now owned by D. G. Styles, but — 
which formerly belonged to.Calvin Mitchell. The opening, a shaft 
of uncertain depth, is on the southeast edge of a small ridge just 
north of Indian creek. The shaft is said to have been excavated in 
the spring of 1904. It is now filled with water to within about 
20 feet of the top, and in the exposed part shows 7 to 8 feet of pyrite 
ore, in the middle of which is a band of pyrrhotite gneiss. About 
35 feet northeast of the shaft a small prospect exposed 7 feet of 
sulphides. At a distance of 200 feet southwest of the shaft another 
prospect reveals about 2 feet of pyrrhotite ore. An analysis of the: 
pyrrhotite showed 23.48 per cent sulphur and 0.16 per cent arsenic. 
It is probable that the whole vein will average about 25 per cent 
of sulphur. 

The Styles shaft is about 14 miles northeast of Bigelow, near the 
elbow of Indian creek, on land owned by D. G. Styles. It was put 
down in 1904 at the same time as the Mitchell shaft. About 9 feet 
of pyritic gneiss is exposed in the shaft, the vein being composed 
of alternate bands of sulphides and lean rock. The ore consequently 
varies in character from place to place and the average is probably 
about 20 per cent sulphur. 

The prospect known as the Henricks shaft is located in the town 
of De Kalb, 14 miles southwest of Bigelow and southwest of the 
railroad which crosses Boland creek. The shaft is now flooded, but 
apparently the vein is narrow, averaging about two feet thick. 
The sulphur content is reported to be about 30 per cent. The same 
vein has been traced by trenching and by pits for a distance of 300 
feet, and at the southern end close to the railroad tracks it widens 
to 6 feet. Limestone forms the foot wall of the gneiss. 

Pyrite in graphite ores. Pyrite occurs in association with the 
graphite ores which are mainly exposed on the eastern side of the 
Adirondacks in Essex, Warren and Washington counties. In most 
of the deposits the content is small and the pyrite is present in finely 
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divided particles difficult to separate from the gangue. In so:ne 
places, however, it forms a considerable percentage of the total mass, 
and in such form that it could be readily recovered as a byproduct 
in the process of separation of the graphite. At one of the mines 
pyrite concentrates of commercial grade are now produced. 

Pyrrhotite in southeastern New York. A body of pyrrhotite of 
some size occurs on Anthony’s Nose, the bold prominence that arises 
on the east shore of the Hudson river just north of Peekskill. Mine 
operations were carried on at the locality for several years suc- 
ceeding 1865, the output being used for sulphuric acid manufacture 
in works situated nearby on the river front. The ore is said to have 
carried about 28 per cent sulphur in the average and to have been 
free from arsenic. The deposit was mined to a depth of from 300 
to 400 feet; and its thickness in the workings ranged from 20 to 30 
feet and the width on the line of strike 50 feet. The immediate 
walls consist of a light-colored gneiss composed of quartz, plagioclase 
and a little hornblende, but a basic gneiss that may represent an 
altered gabbro outcrops within a short distance. 

Pyrite in shales. An occurrence of pyrite in bedded shales that 
was recently brought to the writer’s notice deserves some mention 
in this place on account of the unusual conditions it illustrates, 
although belonging to a type that is not at all uncommon. The 
association of pyrite with clay sediments is so frequent as to be 
hardly noteworthy. In the present instance, however, the pyrite is 
more than ordinarily abundant and forms nodules and aggregates 
of such size that it can be readily freed from the enclosing rock, 
and when so separated is of commercial grade. The deposit consists 
of about 25 feet of beds comprising the Brayman shales, as exposed 
in the vicinity of Schoharie village, on the west side of Schoharie 
creek. The locality, where the pyrite occurs in considerable abun- 
dance, is on the Gebhard farm, now owned by R. Veenfliet jr, just 
outside of the village. For some hundreds of feet the shale occurs 
in a vertical bank topped by hard thick beds of Cobleskill dolomite, 
the two formations inclining at a low angle to the south and gradu- 
ally disappearing frorn view under cover of the higher strata as they 
are followed in that direction. Throughout the 15 feet or more 
of the exposed section of the shales the pyrite is found in considerable 
abundance. It occurs in different forms; as small crystals and 
grains disseminated through the mass, as nodular aggregates from 
the size of a walnut up to 3 or 4 inches in diameter, and as one or 
more bands constituted of coalescent aggregates which are not well 
enough exposed in the bank to show their thickness and continuity. 
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The latter are found near the water level of the adjacent creek and 
were partly submerged and partly covered over with talus from the 
- adjacent bank. The nodules are in part solid masses of pyrite and 
in part consist of an outer shell of pyrite enclosing a core of shaly 
matter with a lager proportion of celestite. The latter occurs in 
small bladed crystals intergrown so as to form a somewhat coherent 
though fragile mass. The individual crystals are rarely more than 
one-half of an inch long and very thin and delicate. Their identity 
was established by qualitative chemical tests. The presence of 
barytocelestite, a mixture of strontium and barium sulphates in 
the Rondout waterlime to the east of Schoharie village is mentioned 
by Grabau* and earlier by John Gebhard.? It is possible that the 
celestite from this locality may also carry some barium, but its 
presence has not been determined. An analysis of the pyrite found 
in the nodules and larger aggregates was made by H. F. Gardner 
of the Museum staff. 
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QUARTZ 
Quartz, the oxide of silicon, is one of the most abundant minerals 
in nature. It constitutes largely the mass of sandstone, quartzite, 
river and beach sands, and is an important component of granite, 
gneiss, many schists and other rocks. It is a common vein mineral, 


1N. Y. State Mus. Bul. 92, 1906, p. 360-61. 
2 Amer. Jour. Sci., v. 28, 1835, p. 172. 


MINERAL RESOURCES OF THE STATE OF NEW YORK 219) 


occurring either alone or as gangue for ores. In the form of chert, 
a micro-crystalline variety, it is associated with some limestones. 
Quartz possesses qualities of hardness, toughness and resistance to 
chemical change matched by relatively few other minerals. 

Despite the abundance of materials containing quartz in large 
amounts, the supplies of high-grade silica adapted to certain 
important industrial uses are not so common but that they possess 
extensive interest and value. One of the more persistent impurities 
of great importance in determining the commercial availability of 
deposits is iron which may always be counted upon as present in 
one form or another. It may be carried by finely divided iron 
oxides, or by admixture with some iron-bearing silicate like biotite, 
hornblende or pyroxene. 

Uses. The manufacture of glass requires large amounts of high- 
grade quartz. To be suitable for most kinds of glass, the material 
should contain 98.5-99 per cent of silica as a minimum. The 
restrictions with regard to iron are rigid; for plate and window glass 
the usual limit is 0.2 per cent ferric oxide, equivalent to 0.14 metallic 
iron, and for optical glass nothing more than a trace is allowable. 
A granular material is best adapted to this purpose, and consequently 
sands and loosely textured sandstones easily reducible to granular 
state are mostly used. Sands that are not suitable in their natural 
state may sometimes be beneficiated by washing and screening. 
The size should be also fairly uniform and not too coarse; a sand 
that ranges from 20 to 50 mesh is preferred. 

Pottery manufacture also requires a high-grade quartz low in 
iron. Vein quartz or a micro-crystalline quartz something like 
flint is used and has to be finely ground. 

The manufacture of silicon and ferro-silicon has become quite an 
important industry in the State, and has developed a local market 
for material suited to the purpose. A silica content of 96 to 97 
per cent is required; the limitations otherwise are not particularly 
rigid. A quartz sandstone or quartzite is employed by most of the 
plants in the State and there are abundant supplies to be had in the 
Potsdam and other formations. 

Quartz is an important refractory material in metallurgy. It is 
employed in the form of quartzite and quartz schist (ganister) for 
the lining of shaft furnaces and as sand (fire sand) for open-hearth 
furnaces, ladles etc. 

Among the other uses of quartz are as an abrasive, wood-filler and 
as an ingredient of paints. For sand-paper vitreous or vein quartz 
is crushed and sized. The purity is not so important, but the quartz 
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should not be too much discolored. In paint and wood-filler the 
same kind is employed in finely pulverized condition. 

A special investigation of the high-silica materials of the State 
was carried out in 1918 by R. J. Colony, and the results published 
as bulletin no. 203,204 of the New York State Museum. 

Quartz sands. The sand deposits are described under a separate 
title, and need not be given special attention here. It may be 
remarked that the deposits are mainly of glacial origin and do not 
rank very high in silica content, being mostly mixtures of quartz 
with clay and various rock materials, so that they are seldom adapted 
to the employments above described. The best materials are the 
beach sands represented in the Oneida lake region and on the north 
shores of Long Island. The former locality has supplied considerable 
quantities of quartz sand for window-glass manufacture and fire and 
core sands. | 

Sandstones and Quartzites. Some of the bedded formations 
contain sandstone members that are high in quartz content. These 
include granular more or less open textured rocks, which belong to 
the class of sandstones in the strict sense, and rocks which have 
been cemented and filled with a secondary silica deposit forming a 
solid mass of quartz, or a quartzite. 

One ‘of the more widespread sandstones that often carries a high 
_ quartz content is the Potsdam. This outcrops extensively on the 
northern, eastern and southern borders of the Adirondacks. In 
some places it is a hard, vitreous quartzite and in others it has the 
open texture of sandstone. The beds range from a few inches to 
two or three feet thick and are white, gray or pink in color. The 
areas on the north side of the Adirondacks, particularly around 
Moira and Bangor, Franklin county, seem to contain the highest 
silica material, which has been used locally for glass manufacture 
to some extent. On the east side at Port Henry and farther south 
at Fort Ann there are exposures of fairly pure quartzite. On the 
south side of the Adirondacks the Potsdam occurs in minor areas 
of which one at Keck Center, Fulton county, yields a white granular 
sandstone, with 96 to 99 per cent silica, that is used for ferro-silicon 
manufacture. 

The Oriskany sandstone of the central part of the State has beds 
of rather coarse, white, sugary quartz rock that is high in silica. 
There are good exposures at Oriskany Falls, Oneida county, and 
near Union Springs, Cayuga county. 

The Shawangunk grit is a coarse quartzite or conglomerate that 
outcrops in Ulster, Orange and Sullivan counties. It is quarried 
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for millstones, and at one time also was worked for glass material, 
the latter having been obtained near Ellenville. 

The Poughquag quartzite, which occurs in the Highland region 
and north of there, contains beds which are practically pure quartz. 
It is an extremely hard and tough material, owing to its thorough 
impregnation by secondary silica which has converted the mass into 
the condition almost of vitreous quartz. By reason of these qualities 
it should be well adapted for the lining of tube mills and is also 
probably suitable for chemical and metallurgical uses. 

Vein quartz. Vitreous or vein quartz occurs in many -places in 
the Adirondacks and in the Highlands, particularly on the margins 
of granitic intrusions. No very large veins are known, although 
occasionally they attain workable dimensions. A number of occur- 
rences near Fort Ann and Port Henry once supplied material for 
making wood filler which was prepared in a mill at Fort Ann. Some 
quartz has been shipped to sand-paper manufacturers from this 
region. The largest output of vein quartz has come from near 
Bedford, Westchester county, where it is associated with the 
pegmatite of that locality. The quartz is found in segregated bodies 
practically free of admixture and also associated with feldspar as 
a constituent of the pegmatite. The product of the quarries is 
employed for wood filler and silicate paint. 


SALT 


Salt has a prominent place in the list of New York’s mineral 
products. This position it has maintained for a long time, as salt 
making was one of the early industries that had much to do with 
the pioneer settlement and trade development of the interior of 
the State. 

The importance of the salt industry may be the better appreciated 
When it is considered that the deposits are widely distributed, 
occurring within an area which has not yet been definitely delimited 
but which certainly covers several thousand square miles — con- 
stituting a resource scarcely to be measured in terms of present 
day or nearby prospective consumption—and that in many places 
the deposits are easily reached by wells or shafts located close to 
some of the main railroad lines or on natural waterways. The 
situation of the deposits with reference to the market is an important 
economic factor; they are the most easterly of all those in the 
country, and thus have a natural advantage in the seaboard trade, 
as well as in the interior of New England, New York and Pennsyl- 
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vania with their large industrial centers. The chemical industries 
in this section afford one of the principal outlets for the product. 

Historical. Salt making in New York was carried on in a small 
way during the colonial days. The earliest mention of the occurrence 
of salt within the present state limits is found in the Jesuit “ Rela- 
tions.’’ Some missionaries from the Canadian settlements along 
the St Lawrence river visited the neighborhood of Onondaga lake 
in the middle of the 17th century and reported upon the remarkable 
saline springs there which had long been known to the Indians. 
Both the natives and occasional traders collected salt from this 
source before the Revolution had opened the lands to white settlers. 

The present industry may be said to have been started in 1788 
when the State secured title to the lands on the shores of Onondaga 
lake ‘‘ for the common benefit of the people of the State of New 
York and the Onondagas for the purpose of making salt.” In the 
same year, or according to some authorities, in 1789 salt manu- 
facture was begun at Salt Point (later the village of Salina) in an 
open kettle, with the use of brine dipped from a shallow opening 
dug in the ground. This primitive undertaking was started by © 
Asa Danforth and Comfort Tyler. In 1793 a regular salt works, 
consisting of an arch with four potash kettles, was built by William 
Van Vleck and Moses DeWitt. The State assumed control of the 
salt industry in 1797 when the Legislature passed laws regulating 
the employment of brines on the Onondaga Salt Springs Reservation 
and appointed a superintendent to take charge on the ground. The 
brine was pumped by central stations and supplied to the individual 
evaporating plants who were taxed upon the output to repay the 
‘cost of pumping and supervision. The State did not relinquish 
its control of the natural brines until 1908 by which time the pro- 
duction in the Onondaga reservation had declined to small pro- 
portions by reason of competition with the salt made from the 
richer artificial brines secured in the rock salt district. Solar evapo- 
ration in the vicinity of Syracuse began in 1821; it rapidly became 
established in favor and for several years it has been the sole method 
of making salt from the natural brines. | 

The occurrence of rock salt in New York was not established 
until 1865 when the first discovery was reported in the vicinity of 
Vincent, Ontario county. No use was made of the deposit, and it 
was only in 1881 that the rock salt beds began to be exploited. An 
evaporating works was put in operation in that year near Wyoming, 
Wyoming county, deriving its supply of brine from the bed of rock 
salt which had been found in the course of ‘‘ wildcat ”’ oil explorations 
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in 1878. The bed at that place was encountered at about 1270 feet 
and was 70 feet thick. In 1881 rock salt was discovered in Warsaw, 
5 miles south of the Pioneer well near Wyoming. The record of 
the boring showed 80 feet of salt, with an additional 31 feet of 
mixed salt and shale, beginning at 1520 feet depth. The continua- 
’ tion of the beds to the south was established by a well at Rock Glen 
3 miles from Warsaw which found the salt at 2015 feet; another at 
Silver Springs, 2 miles arther south, showing salt at 2224 feet; and 
at Gainesville creek and Bliss still farther away. Evaporating 
works were built at Warsaw, Rock Glen and Silver Springs. In 
the Genesee valley the first successful well was drilled in 1883 near 
the present shaft of the Retsof mine, and within the succeeding 
few years the occurrence of salt was reported at a number of other 
localities in the valley between the north and south boundaries of 
Livingston county. A well at Ithaca on the south end of Cayuga 
lake in 1885 encountered 248 feet of salt at depths below 2244 feet. 
Evaporating plants were built at Ludlowville and Ithaca. In 1893 
the Glen Salt Co. put down a well at Watkins at the head of Seneca 
lake which was used as a source of brine. In 1888 the Solvay Process 
Co. began the drilling of wells in the Town of Tully, 17 miles south 
of Syracuse, and by 1896 had put down 41 wells to the salt which 
was encountered at depths of about 1200 feet. Fresh water is 
conducted from the Tully lakes into the wells and after saturation 
is pumped and transported by pipe line to the large soda works at 
Solvay. The most easterly point at which the rock salt is found 
is at Morrisville, Madison county, where a well drilled in 1886 
encountered a bed 10 to 12 feet thick at 1259 feet. 

The first mine shaft that reached the salt was put down by the 
Retsof Mining Co. at Retsof, Livingston county. It was started 
in 1884 and bottomed the following year at a little over rooo feet. 
The Greigsville Mining Co. put down one at Greigsville, just west 
of the Retsof shaft. The Lehigh Mining Co. opened a mine 23 
miles south of LeRoy, Genesee county, and the Livonia Salt Mining 
Co. at Livonia, Genesee county, which have since been abandoned. 
The Sterling Salt Co. started mining at Cuylerville, Genesee county, 
in 1906. The last mine shaft to be completed is that of the Rock 
Salt Corporation on Portland Point north of Ithaca, which was 
bottomed in r9r7. 

Occurrence of salt. Natural brines are found in a number of 
places and under varied geological conditions. Weak salines occur 
quite generally in the Medina sandstone; Hall has reported natural 
licks or springs at 15 localities within the Medina formation from 
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_ Cayuga county to Niagara county. Salt was made in the early 
days at Kendall and near Medina, Orleans county, and at Somerset, 
Niagara county. Brine springs are known also along the outcrop 
of the Salina shales, as at Montezuma, Cayuga county, and in the 
towns of Savannah and Clyde, Wayne county, where evaporating 
works were once operated. The Hamilton and Portage shales of 
western New York are sources of weak brines. Most interest, 
however, centers about the occurrence on the Onondaga reservation 
where salt manufacture had its inception and has been carried on 
uninterruptedly down to the present time. 

The Syracuse brines are stored in sands and gravels that underlie 
the valley of Onondaga creek and Onondaga lake. These loose 
materials are probably of glacial origin, a part of the morainal 
accumulations in the vicinity, and occupy a channel or basin 
hollowed out in the Salina beds, that is the soft Camillus and Vernon 
shales. The buried channel follows the course of the surface con- 
tours marking the wider Onondaga valley. The gravels and sands 
extend to depths of several hundred feet at the foot of Onondaga 
lake. Originally the gravels were saturated with brine practically 
to the surface, so that it was only necessary to dig a shallow pit 
or hole to collect it. As the use increased it was found that the 
shallow brines became weakened, and then wells were put down 
which were gradually extended until the maximum depth of about 
400 feet was attained. The present supplies come from wells 200 
to 400 feet deep. There has been a noticeable decrease in the 
salinity of the brine with the continued pumping. It is generally 
held, and no doubt properly so, that the brine is supplied by leaching 
of the rock salt beds to the south. The flow of water is opposite 
to the inclination of the beds, which is to the south and about so 
feet or so to the mile, but there is a rise in the surface contours in 
the same direction sufficient to give the necessary hydraulic head. 

The rock salt beds supply all of the salt now produced with the 
exception of the relatively small quantity made by the solar process 
at Syracuse. The beds are assigned by geologists to the Salina 
stage of the Silurian, representing the equivalent practically of the 
Onondaga Salt group of the early reports of Hall and Vanuxem. 
The Salina is mainly a shale formation, but carries layers of thin 
limestone at the top (Bertie) besides gypsum and salt which occur 
in the gray and drab shales of the Camillus formation. Its lower 
member is made up of the Vernon red shale. The outcrop of the 
beds extends in an east and west belt from Albany county to the 
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Niagara river. The belt east of Oneida county is thin and follows 
the range of hills in an east-southeast direction parallel with the 
Mohawk. With the gradual thickening of the beds and flattening 
of the topography the outcrop widens out rapidly as it approaches 
the Oneida lake section becoming ro miles wide in Onondaga county 
and nearly 20 miles on the line of Cayuga lake where the extreme 
dimensions are reached. Thence west to the Niagara river the 
outcrop forms a nearly straight belt 7 to ro miles wide. 

Our knowledge as to the horizon of the salt in the succession is 
derived entirely from the records of well borings and the few shafts 
that have been put down to the beds. The data supplied by the 
wells are not altogether reliable as most of the borings were made 
by oil well rigs, a method that does not admit of accurate records. 
The salt itself is not encountered except at some distance to the 
south of the outcrop where the covering protects it from the seepage 
of surface waters. 

In exploration the hard cherty Onondaga limestone following 
the black Marcellus shale is used as a bench mark by which to 
locate the position of the salt. The top of the limestone is taken 
rather than the base, as the succession below is variable and the 
line between the Onondaga and Oriskany sandstone where present 
or of the Onondaga and Bertie waterlime is not so easily established. 
It would appear from the various well logs that the salt lies at 
varying intervals from the bench mark, ranging from a minimum 
of about 350 feet to a maximum of goo feet or so. In the same 
locality within short distances the interval may also show con- 
siderable variations, as in the group of wells at Tully where the 
salt lies amywhere from 492 feet to 556 feet below the top of the 
Onondaga. ‘The cherty limestone varies from 60 feet thick in the 
eastern to rso feet in the western part of the salt district. 

There seems to be no constant position for the salt, further than 
that it lies in general within the gray shales between the Bertie 
waterlime above and the Vernon shales below (see diagram p. 95). 
Its variability in this respect agrees with the gypsum which likewise 
shows a considerable verticalrange. The question arises whether the 
salt is not actuallyin the form of lenses rather than beds, analogous to 
the gypsum which has been quite clearly shown to be in attenuated 
lenses that succeed each other along the strike and dip of the strata, 
in places separated by considerable intervals and again overlapping 
each other. The writer is inclined to view the rapid changes in 
the horizon, thickness and number of the salt beds as shown in the 
well records from different localities to be indicative of such structure. 
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The salt attains its maximum thickness apparently in the eastern 
section, on the extension of the dip south of the Onondaga-Cayuga 
county part of the Salina outcrop. This is indicated by the actual 
records of the wells drilled to the salt and indirectly by the relative 
magnitude of the gypsum beds which are exposed within the Salina 
belt from: Madison to Erie counties. Inasmuch as the gypsum 
represents one element of the series. of original deposits from the 
Salina sea or salt basin, in which it may be believed that the relative 
proportions of mineral ingredients were fairly uniform for the entire 
area of evaporating waters, there ought to be some balance between 
the volumes of the two materials, unless exceptional conditions 
obtained during the period of evaporation or the original relations 
have been destroyed by subsequent attack of ground waters on 
the beds: There is nothing to show that the salt beds have under- 
gone marked rearrangement resulting in any considerable increase 
or:shrinkage locally in their dimensions except for the wastage that 
has taken place along the outcrop. 

In the series of Tully wells, no. 2, group A; is reported by Luther 
to have been drilled through four salt beds, 24, 74, 36 and 60 feet 
thick respectively, in order from top to bottom and making an 
aggregate of 204 feet. 

At Ithaca a well drilled in 1885 showed a total thickness of salt, 
according to Prosser, of 248 feet, divided into seven seams. A 
test well on Portland Point, 6 miles north of the Ithaca well, pene- 
trated three beds, an wpper of 17, a middle bed of 27 and a lower 
bed of 72 feet, with a» parting of shale 27 feet thick between the 
upper and: middle beds and another shale parting 6 feet thick 
between the middle and lower beds: 

At’ Watkins, at the head of Seneca lake; a well was drilled 102 
feet into the salt. There is no record of the total thickness. 

In Livingston county the several salt shafts-show a thickness. of 
‘from so to 80 feet of salt including impure beds of shaly material. 

In the Oatka valley the salt beds have a thickness of 75 to 80 
feet where they have not been leached. 

The data of wells put down by the ordinary oil-rig, which is the 
method: employed in drilling brine weils, are not to be regarded 
as very accurate and some allowance must be made therefore in 
comparing the records with reference to the salt. This applies both 
to the dimensions and the inte:pretation of the character of the 
beds. In some wells, doubtless; the measurements include beds 
which are really shale impregnated to a greater or less extent) with 
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salt, as it is extremely difficult to discriminate between a bed of that 
kind and an alternating series of salt and shale beds: 

Mining of salt. The production of salt by mining conducted 
through shafts sunk to the beds has been in progress in New York 
since 1885, when the first shaft of the Retsof Mining Co. at Retsof 
was bottomed. In the following few years other shafts were put 
down; one 25 miles south of LeRoy, Genesee county, by the Lehigh 
Salt Mining Co.; one at Livonia, Livingston county, by the Livonia 
Salt & Mining Co.; and one at Greigsville, Livingston county, by 
the Greigsville Salt & Mining Co. In 1906 the Sterling Salt Co. 
completed a shaft at Cuylerville, Livingston county. The last shaft 
to be put down is that of the Rock Salt Corporation at Portland 
Point on Cayuga lake which was completed early in 1918. 

Underground mining has an advantage over the method of 
extraction by brine wells on the basis of production costs. Its 
disadvantage inheres in the impure quality of the product, which 
necessarily contains more or less of the admixed calcium and | 
magnesium compounds, which in the process of brine evaporation 
are largely removed. Rock salt, however, finds extensive uses, 
and the consumption has grown more rapidly of late years than 
of evaporated salt. 

The mining operations are not essentially different from those 
employed in working a flat coal seam on the room-and-pillar method. 
Main galleries are extended east and west which serve as permanent 
haulage ways, and then headings are driven at right angles, at 
regular intervals, dividing off the ground into panels. The pillars 
measure 30 feet on the side and are spaced 30 feet apart, in the 
usual practice. This results in the removal of 75 per cent of the 

-actual working thickness. In the mines in Livingston county, the 
only ones that have been extensively worked, the portion of the 
bed suitable for mining ranges from 6 or 7 feet to 12 feet thick. 

The salt is broken by drilling a series of holes with rotary auger 
drills and charging the holes with dynamite. In the ordinary run 
a hole is 6 to 7 feet in depth and can be drilled in about 3 minutes. The 
auger is 13 inches diameter. Electric power is now used. It would 
seem practicable to undercut the salt, as is done in mining soft coal, 
but the trials that have been made with coal-cutting machines have 
not been successful. The salt is said to possess a degree of toughness 
that greatly lowers the efficiency of such machines even to make their 
use impracticable, at least in their present forms. 

The broken salt is loaded on to cars which are drawn by mules to 
the main haulage ways; then they are made up into trains to be hauled 
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by electric locomotives to the shaft. The steel cars hold 3 tons each. 
These are loaded both by hand and by automatic shovels, the use 
of the latter having been taken up quite recently. 

At the shaft the cars are run on to cages and hoisted to the top of 
the breaker. There are two hoisting compartments in each shaft, 
the cages being operated in balance, and the usual rate is about a 
car each minute, the distance to the top of the breaker being 1150 
feet. At the breaker the car is dumped into a bin from which it 
goes through the process of crushing and screening to provide the 
various sizes in demand. ‘These include lump salt, large and small 
and 5 graded sizes, ranging from three-quarters to one-sixteenth of 
an inch in diameter. 

During the last several years the only active mines have been those 
of the Retsof Mining Co. and the Sterling Salt Co. The shaft at 
Portland Point has not been equipped for production. 

Manufacture of salt from brine. The making of salt by evapora- 
tion of brines, or water solutions of salt, is the really essential branch 
of the industry, so far as concerns the majority of uses. Brine 
salt may fill the place of rock salt in practically all applications; 
the relative cheapness of the latter is the principal factor in the 
development of the market for mined salt. It is only by evapora- 
tion that the impurities which are invariably present in the natural 
salt or brines may be removed and the product made fit for human 
consumption. ‘These impurities consist largely of calcium and mag- 
nesium compounds, of which the latter are obnoxious because of 
their bitter taste and medicinal qualities. Calcium chloride has a 
great affinity for water and causes the salt to cake when exposed to 
the air. 

The methods of salt manufacture that have been employed in 
New York State include the following: (a) solar evaporation; (bd) 
evaporation by direct heat in open kettles or pans; (c) evaporation by 
steam with jacketed kettles or grainers; (d) evaporation by steam 
in vacuum pans. 

Solar evaporation is the process in use for the natural brines found 
on the old Onondaga reservation near Syracuse. It was first em- 
ployed in 1821, previous to which time the salt was made in open 
kettles by direct heat. Both methods were in use until a few years 
ago, when the kettle process was discontinued, and all the salt now 
made at Syracuse consists of the coarse solar variety. The evapora- 
tion is carried out in shallow wooden vats, of which one kind known 
as aprons in which the brine is only about one-half of an inch deep 
performs the first step in the concentration, raising the salinity to a 
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point where the gypsum is about to precipitate. The brine is then 
drawn into-vats about 6 inches deep in which the gypsum or “ lime ” 
deposits and the solution becomes saturated with respect to the salt. 
This solution is called “‘ pickle’”’ and goes to the salt rooms where 
the final stage is accomplished. The salt crystals are raked from the 
fioor of the-rooms: about three times a season which: ina good year 
lasts from the middle of March to the middle of November: The 
vats are protected against rain by covers or roofs mounted om a 
wooden’ framework so as to be moveable. Some idea of the size 
of the industry in the flourishing days may be had from the statement 
of the- state- superintendent of the Onondaga Salt Springs in his 
report for 1894 that about 45,000 covered vats, each 16 by 18 feet, 
were then in use. ‘This implies an evaporating surface of 12,960,000 
square feet. The estimated investment represented by these 
structures, with the-storehouses and mills, at that time was placed at 
$5.750,000. The-crop of the solar salt in 1894 was 2,355,394 bushels 
or’471,079 barrels. 

The artificial evaporation of brines is now conducted’ by open 
pans, by grainers and by the vacuum pan. Open kettles heated by 
fire or by steam coils are-no longer in use. 

Open pans are to be-seen in only a few plants, as they have largely 
been superseded by grainers which are more economical of heat and 
in which the process of evaporation is carried on with less frequent 
interruptions. The high temperatures attained by direct fire are 
likely to cause warping of the pans and’ buckling of the arches, 
necessitating’ considerable expense for repairs. They have am ad- 
vantage over grainers, however, in that the evaporation can: be 
hastened by rapid boiling which leads to finer crystals, as the quicker 
the process of precipitation, after the saturation point is reached, 
the finer will'be the crystal particles. On the other hand they require 
more attention. 

The pans are made of boiler iron and set’in brick arches: with fire 
grates at one end from which flues conduct the heated gases under the 
whole length of the pans. These latter are about roo feet long and 
2e to 30 feet wide, divided into a front and back section by a trams- 
verse partition. The brine after settling and liming which remove | 
the iron and mechanical impurities is conducted into the back pan 
where it is preheated and then siphoned into the front pan 
in which the final evaporation is carried out. When the salt 
has formed a sufficient deposit in the pan it is raked out and additional 
brine added. From time-to time the operation is stopped to remove 
the bittern-and scale the pan which becomes encrusted with a deposit 


of gypsum. 
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Grainers.are now employed in practically all of the plants:engaged 
in making salt for domestic uses. They are seldom used alone, 
but most often in conjunction with open pans or with vacuum pans. 
The grainer :consists of an open vat, too feet or more long, 12 to 15 
feet wide,.and about 2 feet deep, built of iron alone or lined with 
concrete or wood with a series of iron pipes, running the length of 
the vat and placed.about.a foot from the bottom, in which the steam 
is supplied. The brine is preheated outside of the grainer by waste 
steam. The process of salt making employs the principle of factional 
crystallization, whereby the concentration of the brine is kept above 
the point of saturation for the more soluble chlorides of magnesium 
and calcium; as ‘the bittern becomes charged with these it is drawn 
off and wasted or employed in a second series of grainers for making 
an inferior grade of salt. The salt particles from the gramer are 
oiten composed of several:small crystals, giving.a coarser size than 
with the open pan. The salt is removed by mechanical-rakers which 
operate continuously or by hand. Operations have to be suspended 
at intervals to scale the walls and pipes, the period of evaporation 
ranging from a few days to several weeks, depending on the amount 

of calcium ‘sulphate in the brine. 

Vacuum pans, technically, are superior to all other :mechanical 
devices for evaporating salt,.as they are most economical of heat and 
require less attention in proportion to the quantity of product. 
Their main drawback is the high cost of installation. As in use in 
New York they consist of a vertical cyclinder, terminated at each 
end by-a cone, built of sheet iron or steel. The ‘steam for heating 
is supplied to.a belt within the middle or the cylindrical part of the 
pan, in which is placed :a-series of copper tubes immersed in the brine 
or through which the brineis pumped. Vacuum.is maintained by 
means of a pump connected with the top cone, assisted by rapid 
condensation of the steam as it cames off at the same place. The 
salt as it crystallizes falls to the bottom and is discharged through a 
pipe, aiter which itis drained by a centrifugal. «A vacuum of about 
28 inches is matntamned in the pan, if operated as‘single-etfect. At 
one plant there are four pans connected to work .as a quadruple 
effect, in which the brine is maintained under a vacuum of about 
13 inches for the first, 20 inches for the second, 26 inches for the 
third and 28 inches for the fourth. Boiling takes place at progress- 
ively lower temperatures with increase of vacuum. ‘The:pans have 
to be boiled out every day or so and scaled at intervals of a few 
months. 
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List of brine plants. The manufacturers of salt in the Syracuse 
district, using the solar process, include the following who were in 
operation in 1916: J. L. Cady, P. Corkings, Draper & Porter, Empire 
Coarse Salt Co., Thomas K. Gale, Geddes Coarse Salt Co., High- 
land Solar Salt Co., P. J. Johnson, Cady & Johnson, Salina Solar 
Coarse Salt Co., Turk’s Island Coarse Salt Co., Western Coarse 
salt Co., John White & Son, Salt Springs Solar Coarse Salt Co. 
All the solar salt is marketed through the Onondaga Coarse Salt 
Association. It is sold in seven sizes, of which six represent the 
different sizes of salt crystals, separated by screening, as follows: 
Diamond C, BC, Standard, Diamond F, BF, and 6-mesh BT. The 
finest size is 8-mesh, which is crushed and passed through a screen 
of eight meshes to the inch. 

The list of manufacturers of artificially evaporated salt for recent 
years has included the following: International Salt Co., with works 
at Myers, Ithaca and Watkins; Worcester Salt Co., Silver Springs; 
Rock Glen Salt Co., Rock Glen; Eureka Salt Co., Saltvale; Rem- 
ington Salt Co., Ithaca; Watkins Salt Co., Watkins; Genesee Salt 
Co., Piffard; LeRoy Salt Co., LeRoy; Solvay Process Co., Solvay. 

Production. The record of salt production in New York State. 
is practically complete from the start of regular operations in 1797. 
In that year the output was 25,474 bushels, or 5095 barrels. By 
1828 the production had grown to over 1,000,000 bushels, or 200,000 
barrels, and by 1849 it passed 1,000,000 barrels. In the succeeding 
30 years it made slow growth; in 1880 when the manufacture of 
salt from artificial brines was about to begin it had increased only 
to 1,599,750 barrels. The production since then has made rapid 
strides. Altogether the product of brine and rock salt in the State 
in the period 1797-1918 has amounted to the total of 323,870,546 
barrels. 

The production of salt by grades for the last three years is shown 
in the tables below: 

Production of salt by grades in 1916 


VALUE A 


GRADE BARRELS VALUE eS 
Comamoninnety akon An cae ate nh Ne I 694 943 $828 617 $.48 
Commoncoarse; eee ne ee oe 267 421 153 844 .57 
“Rablevand) dairy vyAaesecaeet, Af ape. I 308 529 940 969 aa 
SLOUGH Gy Me SNMMIU IR ner aN NOR Ne naeaealy Oe 249 728 110 505 44 
Otherorades a2 sn iiamounes crete oly ae IO 567 129 I 664 863 Anite: 
14 087 750 | $3 698 798 $.26 
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GRADE 


Srollene 2 210) ee PNA a ae aaa BOONE ta DE A 
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Production of salt by grades in 1917 
VALUE A 
BARRELS VALUE ONG 
LASO4 F720 ASI sat. 227 $ .73 
252 114 218 747 .86 
I 458 165 I 413 905 .96 
130 914 91 978 -79 
Il 811 722 2 315 862 : .19 
15 457 636 | $5 371 713 $.34 


a includes rock salt, sa!t in brine used for alkali manufacture, agricultural salt and small amounts 
of brine salt for which the uses were not specified in the returns. 


GRADE 


SOllettemeyeee aes hel NEUE ARN dito Sate TE 


Production of salt by grades in 1918 


VALUE A 


BARRELS VALUE BARRIER 
I 581 671 | $1 517 725 $ .96 
215 220 240 388 Th eat 
I 770 885 I 964 402 The init 
118 029 125 107 1.06 
II 532 257 | 3 489 245 -30 
15 218 071 | $7 336 867 $.48 


a Includes rock salt, salt in brine used for alkali manufacture, agricultural salt and small amounts 
of brine salt for which the uses were not specified in the returns. 


Salt production in New York 


Ce 


BARRELS 


YEAR BARRELS 

LOT A caeccdey cioveuadoveieransiens 59 000 
TGS cps ais eee cacncstted wet 64 412 
HS LOW lensiey tier cis ee ee 69 731 
ES Lion enact ease cia teva sel 81 731 
MOO ere tierce cist a ycenaian sae 8I 308 
BOUO ere Mee ale nteee Nare teal 109 675 
US2 Ose ca tay Menon eeeacben ree QI 666 
G2 ag ih ci aiivie Ste imeeisis ie) cs 105 210 
TG 2D atten ch cian Ghat) Sutra 96 312 
Tite Pade HURT Do Are) a een es 145 398 
BS 2 Ai e ereilen ca opegs heb ay ic ate 163 327 
TOBE ee ee Moh eies ‘<lbeprl te I51 441 
LS 26 ne: hac sca hvtaraher aro ¢ 162 205 
Le lies Si tenl ct eee aN 196 682 
TS2QS eve Parmele eo 232 178 
BS 2 Obie site seek ey eae 225 856 
NS OM tesycyeeh Aion ges houses ee 287 089 
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Salt production in New York — (concluded) 
YEAR BARRELS YEAR BARRELS 
‘Igo ean eRe BAA SEM “OES 2h ar FOZ ISO MO ieayec sel cwereteulco eben eee I 435 909 
LORCA NE Ene PENDS seh meen B30 507) ALSO) very iho eeen el ene 1078 553 
Tey ante aa Ae eee eRe ae SOs FAAS Yall ATA MCN eae a ch hy 5. I 285 597 
BSB Ave regen titctal Sapa Ma Tate sce eh BIS \O5O Vil UST =. vcust nice aE I 435 239 
ESS ere cys mene meee ea PT $973.01 WUT Olo ates sarod clo seer I 664 432 
Tos 10) kao ENTER CEDIA RE MCHC IEE A SSOP STAN SSO.) ladle APs ean I 599 750 
Rol 217 SAS OED WENO Te 22M 21 7 Ai Ms ito Koll Meee aeons heey so! otc I 583 447 
TODO uae Mecca ae ects ES OOZ aN SOQ is ya eee I 668 180 
S10 a lh ta acer el rea arte Ee Sph L - Sel lam sh Sk WR RR CRE i esis O63 1-619 486 
SAO HAR PRIUS DRY Ny BAA MBET UNE BA Peas MI AE ee Aan I 788 454 
TSAR Mee eet se shes coneyiy ake eae te GOSNTS A IMVSSSe es ke ace 2 304 787 
IG AAZ}. «| HNO DMIEY etetieg Hick Sate Age AUSFoNe fehl akohO)s publavefa Bi a)s3 910 via a0. 6 2 A3i 563 
TOA aie we silos ite rat aware! Sembasa tae 2 25) 500 seb SBi7 iiensione esti veukite.a cee 2 353 560 
OA AT ra cirstt ists tne tentue £S}.0X0 ih) Ga Wi soph Niel to). SN'S eee map ices cHaisiove 2 318 483 
OAM eas eiebems lara MAe als 5 es 52 AZZ || WOCORs an akeks eee 2 273 007 
BS TAO) MWe 1 sce -apefeip toners cece FOV [O NP ESQO) visi. deere eo 2 532 036. 
TBA. porcteis ss diets eet oc 792271, LOOUY cree ects tie cea eee 2 839 544 
I RaPiLS) Su RVARGMS JEL eh OO CHCA RO ba ser DAT AZ S| ESQ2 Samy ier Ue no 3.472 073 
TKS YS) Genrer ain cep enaNs: At ee To es OO, 7A | SOS. u fds: AereteneeeReeeRS 5 662 074 
ESOT Nc, creases shes Ry eiteeh et BGS 4704 || (EOOA aL uate tas rien eee 6 270 588 
rECCASAT ORE ae a APR EA O22 823 LOOS ki aayed: oe ate 6 832 331 
DO Sees et eMe uals ns coteni NIL DSA e507 |i TSOGs (i. « ecctaues 6.6 eam akobene 6 069 040 
DOB Gi Masa eh cpew ae eget hak BION GOR MN TST: casa a ais chee ae 6 805 854 
TURe fs hear its loa See Per Way Bata HOO) .OGOr (USO S44). Peak a eee ee 6 791 798 
TRS ghee Pee uae at sue S ZLOUS 77 Ni TOGO ./o\ataety cia sleen eens 7 489 105 
PSS O us. ie sta Apes Soy procul es T.QO) 4362s! OOO, Co. Se siereaet tee 7 897 O71 
Mi atid Me tHe ree Roeder Ae $62) 7425 TOOT! ./; yoNh yae 7 286 320 
ache ahaa svar pstthis ata screpeeatebates 46 OF |p ROO? cere one enor dea enn eae one 8 523 389 
SONY tl avariey tepowcdt gon sted ren BOS DAU PEOOS hisirciersiore sede eneud ena 8 170 648 
TS CO Pee eA Maas se amen eae TES! 1649 loMQO4 ieee eae Oe EN 8-724 768 
KGL 1 RCH NA eae eMaT ch nt ecg cis 440) 07:8 ipl TQO5) i. yaien.aok EEE 8 575 649: 
MOOS A Cnerter ar ns eauine tenet near SLO Tris, LOO). ccicye eke soe cama ee 9 O13 993 
TA) OFS MIE ar fs OC to OR ro te eA SES A771 LOO ees ee a eee ae 9 657 543 
TOGA Mrs iam nner Te ATS ATT ION LOOSS «ceca ne ee 9 005 311 
LECOKO SHON et ist Raa Kea a 277 G80) | NOOO). o.. cb cle slenele teens 9 880 618 
TOGOL Grae tkenn cllene kee ee AUN ZO MCLG LON s 5 yikes slate eee ene IO 270 273 
INST OYT AS GAS Natal eed ec EMER STO WNLOR’ || WOU AS ak lee tes ee 10 083 656 
TS OOM uuarctcie seca cu ey ats a AQMD RU NOPD. cae ie totes sltege ee eae IO 502 214 
Tigo oe Ey Heat SU ae ook sD 7 B2 AAT EOE ie A NE EAR eee 10 819 521 
Tike 7AOD ena CAR SE DUC ARE Ua eT FAG) RSD 30 TO Heb Mi os a Vn aT IO 389 072 
DECALS veRN Ne aan alse aE ld GRARGOT | THOS iNew tie eo taleraterien II 095 301 
TES 7 RGR SNE ed UNE HOG WLS Fri MRO MON crea tele iene oy eee aie 14, 087 750 
iS FFU AN AV ah A at aga ag TS FIZ COT RO TOT 7008 ee) ar Te aie 15 457 636 
Te PACs eGR Redon A RON SAU A a BOs BOON MOMS) <ieccieath a lect teen I5 218 O71 
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SAND. AND GRAVEL 


Sand and gravel deposits are widely distributed; almost every 
town or hamlet within the State has its local beds of these materials 
from. which supplies are obtainable for the ordinary demands of 
building and engineering construction. The production thus repre- 
sented is enormous in the aggregate, but is divided among so many 
widely scattered and more or less fugitive operations that it can 
scarcely be measured with accuracy. The product under such 
circumstances may bear only a’ nominal value, represented mostly 

_ by the cost of digging or possibly of washing and screening as well. 
On the other hand the marketing of sand and gravel in the larger 
cities is a business organized on a stable and permanent basis, 
involving considerable capital investment that has to be considered 
in the costs of production and selling prices for the output. Thus a 
large proportion of the total value of building sand that is sold 
annually is represented by the output of a relatively small number 
of producers in Nassau county who are tributary to the New York 
City market. 

Besides building sand the State contains molding sands, glass sands 
and sands suitable for other purposes of metallurgy and manufacturing. 
The molding sand business is especially important; large quantities 
of the finer grades used in making small iron castings and in brass 
and aluminum work are shipped from the Hudson valley. Glass 
sand occurs in the vicinity of Oneida lake and on the shores of Long 
island and. it has been obtained in past years by crushing of certain 
pure quartz sandstones like the Shawangunk grit. Fire sands and 
core sands are refractory quartz sands that occur in a few places. 
Polishing sand used on rubbing beds of stone-cutting establishments, 
engine sand. for railroads and filter sand for municipal filtration 
plants are also obtained from local deposits. : 

Distribution.. Most. of the unconsolidated surficial sands are of 
glacial origin. Some were laid down under the ice as part of the 
ground moraine; others as accumulations at the margin-of the glacier 
of the materials embedded. in or transported upon the ice. In the 
latter class; of deposits the. sorting action of water is apparent in 
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the arrangement of the materials, as they show a more or less strati- 
form or bedded structure which is absent from till of the ground 
‘moraine. A third method of occurrence is represented by the sands 
and gravels along the beaches of the glacial lakes that came into 
existence in the closing stages of the Pleistocene after the withdrawal 
of the ice. Here the materials are characterized by a uniformity 
of physical features by reason of the efficient sorting action of the | 
shore waters that is comparable to that of beach sands along our 
present coasts. Glacial Lake Iroquois, which occupied the basin. 
of Lake Ontario but spread far beyond the present limits of its 
waters, has the largest of these beach deposits. In the Hudson and 
Champlain valleys the glacial waters also rose to high levels and 
have left behind a series of bedded sands, gravels and clays which 
are easily to be discriminated from the morainal and outwash deposits 
directly contributed by the ice. 

In the beaches of Long island and Staten island are found more 
recent deposits of sand and gravel that have economic importance. 
Their materials, however, are largely derived from the glacial 
moraines which extend across the islands from the Connecticut to 
the New Jersey mainland and which mark the most southerly limit 
of the Pleistocene ice sheet. As compared with the morainal sands 
they are much better graded both in size and character of material, 
and their field of usefulness is much increased. Smaller beaches of 
present-day formation occur on the shores of the interior lakes. 

Building sand. In this class are included the loose sands and 
gravels employed in making mortar, concrete or artificial stone for 
engineering work and buildings. A large variation in composition 
and physical properties may be found in such sands, and in fact 
almost any deposit that contains a fair percentage of hard particles, 
not too fine in grain, whether of quartz or of undecomposed rock, 
may be employed where the conditions of service are not very rigid. 
The resources consequently are more extensive than of sands for 
special employment, and little attention has been given heretofore 
to their investigation. 

It is to be noted in this connection that sands are actually an 
important factor in determining the quality of the concrete for 
which they are used, and the tendency in engineering work is toward 
the careful selection of both sand and the coarser aggregates. To 
be suitable for dependable structures a sand should be practically 
pure quartz, free of clayey admixture or of shale particles which 
shrink or swell under changing atmospheric conditions. The texture 
of sand is also important but the requirements in this respect vary 
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with the conditions of use. The testing of sands has become an 
important function of engineering laboratories, with the growing 
recognition of the need for certain standards, just as in reference 
to other uses of the material. The consequence is that the 
available supplies of high-grade sands are nowhere so extensive as 
might be surmised from the wide presence of sand deposits and in 
some considerable areas they are practically absent. In the last 
few years there has taken place a marked change in the productive 
industry by reason of the centralization of operations in certain 
localities where the best materials are found; much of the product 
now undergoes preparation by washing or screening which necessi- 
tates mechanical installations and lends a permanency to the 
enterprises which they formerly lacked. 

The largest market for building sands in the State is New York 
City. More than one-half of the quantity and value of the annual 
product is probably used in the metropolitan district. The supply 
is obtained from different sources, mainly on tidewater, of which 
the more important are on the north shore of Long island, principally 
in Nassau county. The sands are obtained from the beaches and 
from the beds which are exposed in the series of bluffs that front 
the beaches, showing a vertical section of sands, gravels and bowlders 
of too feet or more. The beaches represent the resorted materials 
of these beds which are of Pleistocene age and partly of marine 
and partly of morainal character. The beach sand is obtained by 
dredging and is sufficiently clean and sized to be marketable as it 
comes. The sand from the beds is excavated by steam shovels 
working against the face of the bank and is mostly prepared in 
washers which afford different sizes ranging from gravel to fine 
sand.’ Barges are used for transporting the sand which is used in 
building and construction work in New York and vicinity. The 
larger plants are those of the Goodwin-Gallagher Sand and Gravel 
Corporation at Port Washington and Northport, Phoenix Sand and 
Gravel Co., Roslyn, and O’Brien Brothers, Inc., Hempstead. Special 
grades of sand that are obtained here include fire and core sand, 
engine sand and filter sand. 

In the Hudson valley, north of the Highlands, a series of terraced 
beds composed of clay, sand and gravel rise from the water’s edge 
to levels that gradually increase to the north. The clays were 
deposited in standing water, but the coarser materials have the 
appearance of marginal moraines laid down while the ice was in 
retreat. Some of the deposits consist of ill-sorted materials which 
were melted out of the glacier and others are water-washed and 
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stratified’ through:stream action. The latter provide building sands. 
that have: been. used’ in the towns of the middle» Hudson valley: 
In most’ banks: the sands have a composite character, admixtures, 
of quartz; feldspar; shale etc., such as:are found in glacial detritus: 
They do not rank: generally as high-grade material for engineering. 
work; but by washing and’ sizing they may be made serviceable for: 
most purposes. Extensive banks are found at Marlboro, Kingston, 
Albany, Rensselaer; Troy and Mechanieville. Washers are installed. 
at the larger plants, and both sand and gravel are: obtained, The: 
Albany-Rensselaer banks are part of a’ morainal accumulation. that: 
stretches across the: valley, consisting of graveliy till and imperfectly 
sorted sands; bowlders' and’ gravel. Almost every kind of rock 
material common to the region north as-far as‘the central Adirondacks 
oecurs inthe: banks: 

In the interior of the State building sands are: found under widely 
varying conditions, At Syracuse the supplies are: mainly derived. 
from a series of terraced beds that extend along the range of hills 
south: of the city-and are connected with the high-water stages of 
‘he Ontarto’ basin in late’ Pleistocene. A deep valley lies under the 
city which has: been filled by gravels and sands that are-also a soumce. 
of supply: 

The: Rochester banks are mainly in the Pinnacle: hills which he 
to the: south and southeast of the city and are probably kames. 
Some’ sand‘ is obtained from Scottsville where are: old: delta deposits 
which afford graded materials. 

Buffalo is: supplied from the Lake Erie beaches and from scattered: 
banks: in: the environs opened in glacial beds. The largest source: 
is Point Abino on the Canadian shore of Lake Erie. At Gowanda 
in the southern part of Erie county are delta: deposits which afford 
a good mortar:sand. 

In the: Black River valley there are terraced delta: beds that are 
extensively worked at Boonville and Forestport’ and that supply 
mortar and’ concrete sands of excellent quality: Utica obtains: its 
building sand mainly from this source. Similar terraced: beds whieh: 
were deposited in former lakes are found in many parts of the 
Adirondacks; . 

Some of the: best sands in the State are procured’ from: the shores 
of Oneida: lake and from the terraced plains which lie: to the: west 
of Rome which are related to the: old Lake Iroquois outlet: into 
the Mohawk: They represent glacially accumulated sands which 
have been: thoroughly washed and sorted, and are the cleanest: 
quartz’ sands to’ be found anywhere in: the interior of the: State: 
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The banks iyield products of fine to medium grain, «with <ittle af 


eoarser character, that contain above oo per cent quartz. By 
washing, the silica content may be raised to 98 per cent or.a/little 
more. Besides building sand ‘the deposits yield ‘fire, core, engine, 


abrasive and glass sand. The principal banks are at -Hamaston, 
MeConnellsville, Rome, Fish Creek-and Cleveland. 

Molding sand. The principal deposits of molding sand oceur in 
the Hudson valley in the stretch of 100 miles from Glens ‘Falls south 
to Kingston. They are part of the terraced deposits that ‘are 
prominently developed along the river and that extend from 1 to 
T5 miles back from the present channel. The molding sands ‘lie 
directly under the soil and are succeeded in depth by deposits of 
loose, open sand and then by the brick clays, all of »which were 


accumulated in the closing stages of the Pleistocene when the valley 
was occupied by the flood waters of Lake Albany. 


The molding sands representa phase of the general sand accwmula- 
tion that at one time must have spread over the whole valley. ‘Since 
their deposition they have been subjected to erosional agencies of 
wind.and water-so that now they have .a'somewhat patchy distribu- 
tion. In places they have been heaped up in dunes which are still 


shiftmg about, but mostly they are anchored by:soil-and vegetation 


so as to form a more or less even mantle over the clay 10 or 25 feet 
thick as an average. Through wind action the sands have accumu- 
lated in places within the inner gorge of the river, but as a rule they 
occur on top of the terraces at altitudes of from rso ‘to .400 feet 
above tidewater. 

The sand consists of quartz particles bonded by ‘plastic iclay. 
When uncovered in the bank it appears as a-ftrm, coherent mass 
which holds up in vertical sections much like the-underlying plastic 
clays. It packs readily in the hand and retaims the :impression; 


‘whereas the open sand associated with it has little or no \bonding 


qualities. In the usual run of commercial sand ‘the clayey.;matter 


represents from one-third to one-fourth of the entire: mass. This 


statement applies to the finer sizes — the characteristic and more 
important products of the district; the coarser-sizes-as.a rule contain - 
less bond. 

The sand particles are characterized by :a idegree of angularity 
which is seldom observed in Geposits by stream or beach .action. 
This results from the crushing down of the quartz~ander tremendous 
pressure, whereby the conchoidal fracture surface peculiar to that 


mineral are developed; the common outhnes are triangular ior 


erescentic with little rounding of the edges and paints of the grains. 
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Such sands only result from attrition accompanying the transport 
of rock debris by moving ice. This angularity has its practical 
- significance in the greater pore space of the sands as compared with 
those made up of well rounded particles, for in casting metals the 
gases given off must have opportunity of escape through the mold. 

The molding sands proper represent the uppermost layer which 
is never more than a few feet thick and seldom exceeds 2 or 3 feet. 
Thus their removal consists in skimming off a thin horizontal seam, 
rather than working a bank as in the usual building sand operations. 
The land under exploitation is divided off into sections according 
to the various qualities of sand present, and then the sod is stripped 
off down to the layer. This operation is usually performed in 
successive trenches, each about 3 feet wide, so that the sod and 
soil of one bench is placed in the trench left by the removal of the 
sand from the preceding one. The width is determined by the 
convenience of the workers who carry out the whole operation with 
hand shovels. After a plot has been worked in this way the land 
may be returned to agriculture without much deterioration of value. 
The right of digging the land is usually sold under a contract, the 
shipper paying a lump sum or a certain amount for each ton removed. 
The yield obtainable is figured roundly at 1000 tons to the acre 
for each 6 inches of thickness; an 18-inch seam which is not far 
from the average size thus will yield 3000 tons for every acre of 
surface. 

The grading of the sand is performed by mere rule-of-thumb 
tests dependent for their value upon the skill and experience of 
the operator. The lack of positive standards for sizing and indicating 
the particular uses of different sands in the field is a feature of present 
practice that seems to offer opportunity for improvement, since 
anything like uniformity in grading between different producers 
is out of the question. To the foundrymen it is a matter of most 
importance that there should be a fair degree of uniformity in the 
sands with regard both to the size of the particles and the bonding 
qualities. 

The grades of sand shipped from the Hudson valley run from 
No. 0, the finest, to No. 4, which is the coarsest size that is commonly 
produced in the district. No. 0 is the size used in stove-plate and 
fine castings and consists of sand of which 95 to 98 per cent will 
pass the roo-mesh screen or of which the average grain diameter 
is smaller than .147 mm (.0058 inch). No. o and No. 1 are the 
sizes for which the chief demand exists since they are not common 
in the molding sand districts elsewhere. 
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Glass sand. Small quantities of glass sand are shipped occa- 
sionally from the beds in the vicinity of Oneida lake. At one time 
these were the support of an active local window glass industry 
and large shipments also were made to factories at Rochester, 
Lockport, Ithaca, Black Rock, Syracuse and Clyde. Competition 
with manufacturing centers in the coal and natural gas fields of 
Pennsylvania, Ohio and other states caused the decline of the New 
York industry. The deposits around Oneida lake are of blanket 
yey and, vary \irom:, © )imehes) to 3) feet in thickwess.” “They are 
stripped of the soil cover and the sand removed in benches which 
is prepared by screening to remove the vegetable and other foreign 
matter and by washing in troughs. The prepared sand contains 97 to 
98.5 per cent silica, about .2 per cent ferric oxide and a little alumina, 
magnesia and lime. 

A better grade of glass sand, used for various wares, has been 
obtained from the Shawangunk grit in the vicinity of Ellenville. 
Some layers of the grit are practically pure quartz and by crushing 
yield a superior material that was employed extensively in the works 
at Corning. 

Fire and core sands. These are high silica sands which are 
obtained in New York State in the Oneida lake region and on Long 
island. Fire sands are used in the lining of furnaces, for iron and 
steel manufacture and core sands in the making of cores for iron 
molding. The important qualities are resistance to corrosion by 
molten metal and gases and uniformity of grain. 

Filter sand. The employment of sand in filtration plants for 
water purification affords basis for one of the growing branches of 
the industry. For this use standard specifications in regard to 
grain diameter, porosity and composition are recognized. The more 
important qualities are that the sand be clean, free of clay and 
lime, and possess a degree of porosity that will admit the passage 
of water readily but retains the mechanical and organic impurities. 
A high quartz material is the most effective. The deposits on 
Long island are sources of supply. 

Abrasive sand. Minor quantities of sand are required by stone 
dressing plants in sawing and rubbing of marble and other stones. 
A pure quartz sand with minimum variation of size and a stout 
rather than angular grain is called for. 
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Production of sand and gravel 


I916 IQI7 I918 
MATBRIAL 

SHORT SHORT . ‘SHORT 

aN VALUE ERS VALUE ares VALUE 
Building Seals Sia ahs ote 4,331 603] $041 884] 3,836 257] $075 522] 1,997 Oor| $581 835 
Molding-sand........... 661 673 570 898 650 427 808 550 549 681 770 “512 
Fire or furnace sand..... 38 I4A4 I6 436 4 540 4 210 a a 
Other sand’). Soy, 337 767 134 638 200 227 I03 136 26 189 T48 844 
Gravel eo ae aye 2 728 910 980 979] 2 418 562] I 155 O39] I 304 772 675 281 

Ache) ER ees ota etete etre 8 008 0097/$2 644 82¢] 7 LI9 013/$3 046 447] 4 172 73a|$2 176 472 
@ Included under other sand. 
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SLATE 


The principal slate quarries are in Washington county near the 
Vermont border. The district is really an extension of the more 
important Vermont area, as there is no natural boundary between 
the two and the same beds may be worked on both sides of the line. 
The productive district includes parts of the towns of Salem, Hebron, 
Granville, Hampton and Whitehall and in general extends from 
the Battin kill on the south to the northern limits of Washington 
county. The extreme length north and south is approximately 25 
miles; the width varies from 6 miles in the north to 12 miles at the 
south end. 

Geology. The area is one of extreme complexity in its geological 
structure. Besides the slates there are present shales, limestones, 
quartzites and sandstones, all of which have been involved in moun- 
tain folding and to a varying extent metamorphosed. The work 
of T. Nelson Dale has provided most of the information available 
on the geological structure and general features of the slate district 
(see appended list of references). 

The formations fall into two main groups — Lower Cabinet and 
Ordovician. In the former belong sandstones, calcareous rocks, 


MINERAL RESOURCES OF THE STATE OF NEW YORE 243 


shales and slates, that outcrop in long north-south belts. The 
workable slates are mostly found inthe upper part of the group and 
near the overlying Ordovician strata, although folding may cause 
them ‘to appear in the middle part of the belts. These Cambrian 
slates are mainly developed on the Vermont side and yield such 
varieties as sea green, unfading green, purple and some variegated 
slates. They are to be'seen also in a series of quarries that ‘extends 
northward from North Granville, N. Y. 

The Ordovician strata include grits and red, green and black 
slates and shales. They lie in parallel belts with the older series, 
with which they are interfolded. Red slates are the characteristic 
product of this group, and they are rather irregular in their distri- 
bution and of uncertain continuity, running into shales or green 
slate of inferior quality. 

The field relations of the slates are complicated by the intricate 
folding and by deep erosion which has removed much of the over- 
lying Ordovician strata. According to Dale they were subjected to 
two periods of compression and folding, the first coming at the close 
of the Ordovician and effecting the cleavage foliation and develop- 
ment of grain in the clayey sediments, as well as new mineral com- 
binations, particularly muscovite and chlorite. In the coarser sedi- 
ments, like sandstone, quartz was deposited as cement and in veins. 
In the later period of compression slip cleavage was induced on the 
slaty cleavage, and minor faults, shear zones and diagonal joints 
were produced. New infiltrations of silica and carbonates took place 
in the openings made at this time, and along some of the fractures 
came intrusions of igneous material which consolidated as dikes. 
Erosion by atmospheric agencies or by ice has been operative since 
the late Paleozoic and has carved the present surface out of the 
folded strata. 

The cleavage is ‘a variable quality that conditions largely the 
success or failure of a quarry. Abrupt changes in the :cleavability 
of the material are not infrequent and the cause of much waste 
in quarrying. As a rule the planes of cleavage are inclined at fairly 
high angles, usually in excess of 45°. They are seldom or never 
coincident with the bedding where this can be distinguished, which 
it often can be by the variations of texture or color or by fossil 
imprints. 

Varieties of slate. The best known product of the New York 
quarries is the red slate that is practically restricted to Washington 
county. Its color, a hematite red, and its somewhat silky lustre are 
characteristic. It finds a ready market for roofing material at 
fancy prices, for the supply is limited and the quarrying of it an 
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uncertain industry. The color is the result of an unusually large 
- proportion of ferric oxide or hematite which forms the matrix for 

the more coarsely granular quartz, mica, carbonates and other 
components. It is nearly free of metallic sulphides and as nearly 
permanent under atmospheric conditions as any known slate. It 
has been employed to some extent for floor tiling and mill stock. 

The unfading green is also valued for roofing and shows only a 
slight change on exposure to the weather. It has a pale greenish 
gray color, which is lent by a chloritic mineral. Incontrast with it 
is the sea-green slate which changes after two or three years’ exposure 
to brown or brownish yellow hues, through the oxidation of con- 
tained ferrous carbonate. Purple slate has a dark purplish brown 
color and carries considerable hematite, though less than the red. 
Variegated slate has a pattern of purple and green in irregular 
mixture. It is largely employed for mill stock and marbleizing. 
Black slate is present in a few quarries in Washington county; its 
color seems to be produced by carbonaceous matter. 

Quarry localities. The most active quarry section of recent years 
includes a strip just west of the state line and extending some 15 
miles north and south, with Granville near the center. On the 
north end are the Hampton quarries of purple, green and red slates, 
including some large openings. The Jamesville quarries, about 
2 miles farther south, produce purple, green and variegated slates. 
Next comes Raceville, with quarries of red and green slates, the 
principal openings being to the north and west of the hamlet. Middle 
Granville, 2} miles south by west of Raceville, has been an important 
source of purple, green and variegated slate for roofing and mill 
stock. Granville lies in the red slate, of which there are quarries 
just north of the town. The same belt extends south from Gran- 
ville along the state line and through West Pawlet. Slateville, 
2% miles southwest of the latter town, marks about the southern 
limits of the red slate. Another quarry section lies to the west of 
the northern part of the first and includes the Hatch Hill quarries 
in the town of Whitehall and several openings farther south in the 
town of Granville. It produces red and green slates. 

Quarries, most of which no longer operative, are scattered through 
the eastern townships of Washington county as far south as the 
Hoosick river. The villages of Hebron, Salem and Shushan have 
been centers of considerable productive activity in years past. In 
the southern section the slate belongs mainly to the purple, green 
and variegated varieties found in the Cambrian strata. 

Slate is also found within the western Taconic region, at Hoosick, 
Rensselaer county. Quarries of black slate were once worked quite 
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extensively in Rensselaer and Columbia counties. According to 
Mather in his Report on the First District, ““A range of roofing 
slate extends from New Lebanon through Canaan, Austerlitz, 
Hillsdale, Copake, Ancram and Pulver’s Corners in Northeast. It 
is believed to be the same as that in which the Hoosick quarries ar 
located. Quarries of roof slate have been opened in this range of 
rocks in many places. The most important are those in New 
Lebanon, about 13 miles from the springs on the east face of the 
mountain.” Near New Hamburg, Dutchess county, occur slate 
beds that yielded mill stock and were worked as late as 1898. 

Quarry work. Open quarry excavation is the only method 
pursued in the New York State region. The excavation follows the 
seam or “ vein’’ which usually has a steep dip and the quarries 
soon become deep pits which require more or less constant pumping 
to keep them dry. Considerable stripping is often necessary to 
reach the valuable slate. The blocks as they are loosened by the 
workmen, who avoid the use of powder as much as possible, are 
hoisted by a derrick or in the large quarries by a stationary cable 
with a traveler. Those unfit for use are dumped on the waste 
piles which are conspicuous objects in the vicinity of all the larger 
and older quarries. The good slate is loaded on cars or is carried 
by the hoisting apparatus directly to the trimming sheds where the 
blocks are split and squared into roofing slates. The mill stock, 
which lacks the ready cleavage of roofing slate. is not finished at 
the quarries but sent to mills for the purpose, where it is reduced 
to shape by saws and planes. The cleaving of roofing slates requires 
a degree of skill but is performed quickly by chisel and mallet. 

The wastage in quarry work is enormous, particularly with the 
red slate, of which the valuable material may constitute only a 
small fraction of the total quantity removed from the pits. In no 
other branch of the quarry industry is so much dead work necessary, 
or the issue of an enterprise surrounded by so much uncertainty. 
Quarries that have been opened at considerable expense may have 
to be abandoned before any appreciable return can be obtained, 
owing to variations in the quality or to the loss of the seam which 
could not be anticipated. The business, therefore, is a precarious 
one. 

Until recently very little use was made of the waste from the 
quarries. Some of the red slate is employed for grinding into paint 
but the amount so used has had no appreciable effect upon the 
accumulation of the waste. In the last year or two a demand has 
developed for crushed slate in the preparation of composite roofing 
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materials and the quarry dumps are being utilized to a larger extent 
than before. 

Present conditions ef industry. The recent record of the.slate | 
quarryimyg industry has been disappointing in view of the enterprise 
and activity that once prevailed in the district. As indicated by 
the following table of production for the period 1904-18, there has 
been a marked decline in the quantity of slate quarried, especially 
in the last five cr six years, and the continuation of the downward 
trend much longer would mean the extinguishment of the mdustry. 
The poor showing seems to be the result of a number of unfavorable 
conditions —some that have a wide application and others that 
are peculiar to this particular region. The falling off in the building 
trades within the last few years naturally has influenced the demand 
for roofing slate which is the principal variety quarried in Washington 
county; and this has been felt in all the other districts to a greater 
or less extent. Lack of capital. and adequate equipment has been 
responsible for some of the failures that have-occurred in the district. 
As one writer has remarked: ‘‘ But the chief cause of failure appears 
to be the lack of capital properly to push the work, coupled with 
clumsy methods of quarrying and sharp competition in the market.” 

In the last year or two.a lively demand has sprung up for crushed 
slate in the manufacture of prepared roofing materials, and this 
development has contributed to the revival of slate quarrying. 


Production of slate in New York 


z OTHER 
ROOFING SLATE mamise 
by ; TOTAL 
cia VALUE 
Squares Value Value 
Os a Ta CP ne tA a 18 090 $86 159 $7 4ar $93 600 
LICTOL PAIS Sat oe SD ORAM HT 16 460 94 009 I 000 95 00g 
OOO Meee nce ye ia) se 16 248 57 771 4 I50 61 921 
HOO hee Rhee II 686 53 625 1 175 54 800 
HG OG eye mii eee Zone 13 735 TUL, LL9 98 LE i207, 
MOOR terevereale wielae ie ensye ZAM wiih 126 170 880 127 050 
HOMOUE WON Oe Cp eae ee NE 14 107 79 857 31233 83 1090 
TIQNTNT Sie MO UN cb) Ll 27a) Qi BIT vic acete eee 52 311 
LOT 2 iyi uy Pei Wve nate 9 738 8302227. iei i Seren 83 222 
2 TON a eae REA Ny Ey a 6 109 3 O74) ae 53 074. 
OA ysis atievaihe ds SUN aT ie gi 4.998 AOL OSOIN ae ny aaa ae 40 650 
TOUS 8 ie ale st ae 5 000 AS OOO Were heua eee 45 000 
BOBO Le Ue 2) 7277 ZIBAS ULL SOR. ae 21 345 
TQ IE7 thisiia des\iobed euctts dius ape 3 069 27 51i 27 696 55 207 


MINERAL RESOURCES) OF! THE STATE, OF NEW YORK 247° 


References 
Date;.T: Nelson: The Slate Belt of Eastern New. York and Western Vermont. 
U.S: Geoly Surv: roth; Ann. Rep’t,, pt 3, 1809 
-&; Others.. Slate Deposits.and Slate Industry of the United States. 
U. S. Geol. Surv. Bul. 586, 1914 
Leighton, Hénry. Slate. N: Y. State Mus. Bul. 142, 1910. p. 70-74 
Mather, W. W: Geology of New York, Report’ on First District, 1843 
Nevius, J. N. Roofing Slate Quarries of Washington: County, N. Y. State 
Geol. 19th Ann. Rep’t, 1901, p. 137-150 
Smock, John C. Building Stonesin New York. N. Y. State Mus. Bul. 10, 1890 


STONE 


The quarrying of stone and its preparation for the varied require- 
ments of building, engineering construction, etc., hold a prominent 
place in the industrial activities of the State. For many years the 
value of the annual product ranked second only to that of clay among. 
mineral materials. No other industry includes. so many individuai 
enterprises or is as widely represented in the different sections. 
The resources are notably abundant and in variety are scarcely 
excelled by those of any other State; practically every kind of 
building stone known to the trade occurs in quantity 1f not actually 
an object of quarry operations. 

From the present’ commercial standpoint the most important 
of the quarry stones are the limestones and sandstones which supply 
material chiefly for engineering work, highway improvement and 
such purposes that do not entail any considerable amount of 
elaboration previous to shipment. In general these resources are 
developed to. the full market requirements. On the other hand, 
in the building, monumental and ornamental branches the local 
industry has not attained the importance relatively that it deserves 
by reason of the natural wealth of materials adapted to those uses 
and the local market needs. Herein, undoubtedly, lies the principal 
field for future enterprise. 

The statistics of production which have been collected from year 
to year show that the industry in general remains practically 
stationary; in fact lately it has shown rather a downward trend, 
falling below the average level of earlier years. This has been due 
largely to the change that has taken place in the methods of building 
and engineering construction. The use of cement and terra cotta 
has displaced cut stone to a considerable extent in building operations, 
while the increasing favor shown for concrete in municipal improve- 
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ments has worked to the detriment of the trade in flagstone and 
curbstone. Asa partial counterbalance to these losses, a tremendous 
development has occurred in the crushed stone business through 
the requirements of concrete construction and road building; yet 
altogether the changes in progress mean a positive loss industrially, 
since they involve the substitution of cheap mechanical operations 
for the trained skill of manual labor. 


Production of stone in New York since 1904 


YEAR GRANITE | LIMESTONE] MARBLE | SANDSTONE TRAP TOTAL 
1904 $221 882/$2 104 095} $478 771/$1 896 697| $468 -496/$5 169 94% 
1905 253 955| 2 411 456] 774 557| 2 043 960] 623 219] 6 107 147 
1906 255 189] 2 963 829 460 915| 1 976 829 847 403] 6 504 165 
1907 195 900] 3 182 447| I 571 936) 1 998 417 941 627| 7 890 327 
1908 367 564] 3 119 835} 692 857|/ I 711 585| 723 773] 6 615 614 
1909 479 955] 3 300 383 380 O16] I 839 798] I O61 428] 7 O61 580 
1910 244 763| 3 245 807 341 880] I 451 796} 909 006} 6 193 252 
IQII 148 633] 3 174 161 278 O41| I 060 106 899 414| 5 560 355 
1912 202 096] 3 510 445 241 847| I 280 743 483 863) 5 718 994 
1913 335 642| 3 852 678 252 292| I 321 272] I OO1 170] 6 763 054 
1914 367 242| 3 316 063 230 242] I 056 990 770 600] 5 741 137 
1915 422 597| 3 177 700 120 447 890 411 550 960] 5 162 115 
1916 368 I19| 3 672 454 268 391 714 558 956 100] 5 979 622 
1917 182 515| 4 406 729 249 180 760 582 684 550] 6 283 556 
1918 I9I 551| 4 832 348 135 756) 325 351 621 750] 6 106 756 


If the output of stone is distributed according to use it will be 
found that more than so per cent of the product in value is repre- 
sented by crushed stone. Limestone and trap are the principal 
varieties employed for crushing. About 10 per cent of the value 
consists of building stone, with sandstone, marble and granite as 
the principal kinds. Curbstone and flagstone account for somewhat 
less than to per cent of the value, and are restricted practically to 
sandstone which lends itself most readily to such employment. 
Among other applications that call for appreciable quantities may 
be mentioned lime and furnace flux, for which limestone is the main 
representative; paving blocks (sandstone and granite); monumental 
stone (marble and granite); and rubble and riprap (various). 
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Production of stone according to use in 1915 
CURBING 
BUILD- 
MONU- AND CRUSHED TOTAL 
KIND ENGI ||NENTAT) | RAG: Smon(s, Pee eae | Se eojais 
STONE 
GING 
Granite........ $261 og1| $19 926] $1 165] $61 965) $78 450} $422 507 
Limestone..... G2mianGeeee & I 627} 2 072 852] I 040 I00| 3 177 700 
Marbles. ..4).) OL) COO| BT O74 ee ener eee eae Le 2h 72 120 447 
Sandstone..... ROSAS eae 317 986 77 368 296 314 890 4II 
“IND. ce 3 Ale eRe ae era ee a br 497 660 53 300 550 960 
Total. .... ./$584 556] $57 o00|$320 778|$2 709 845|$1 489 936/$5 162 115 
Production of stone according to use in 1916 
CURBING 
BUILD- 
MONU- AND CRUSHED TOTAL 
AP ee MENTAL | FLAG- STONE algae oon wai 
GING 
Granite... ...../$173 431| $9 203|....~... $55 196| $130 199] $368 119 
Limestone..... 59 492 a $1 621) 2 085 748] I 525 593] 3 672 454 
WMiarblesi 2.2): 2. EGE 23S) MAG SSS z |b ahirrnias | ls NAR 59 56 268 391 
Sandstone..... TSANO7 Lie eee 259 047 124 555 145 985 714 558 
SRA es.. oe8 ex sc AMOOO|W fava 2a ye pendnaee. of Q52TOO| Marys 4 950 100 
ghotalens) se $555 132| $84 880/$260 668/$3 217 599/$1 861 243/165 979 622 
a Included under ‘“‘ all other.’’ 
Production of stone according to use in 1917 
CURBING 
BUILD- 
MONU- AND CRUSHED TOTAL 
HIND ee MENTAL | FLAG- SEO NA Sr IeR ea WATSOES 
GING 
iSramite, yi. ./). $31 586| $5 733 a $30 025] $115 171] $182 515 
Limestone..... AQEESG iereLe teeenlt.. Siseenent: 2 281 236] 2 085 338] 4 406 729 
Marble........ TAQ OOO 7OKO7O|ene ei aT ARe see oe 36 198} 249 180 
Sandstone..... TAOVS SS eae $322 037 109 270 188 720 760 582 
“Te po A FI NAM Oa scl gt ek Baa 672 450 I2 100] 684 550 
Total..... ./$346 202] $84 809/$322 037/$3 092 981/$2 437 527/$6 283 556 


a Included under ‘‘ all other.’’ 
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Production: of stone: according, to. use. in. 1918: 


cee CURBING 

MONU- AND CRUSHED TOTAL 

yon as an MENTAL | FLAG- stonm | | AP eOTHER | ine 

GING 
Guenitess. . 35. $25 O1Gh $8 Z1Tlo.... ne. $60, 260} $107 964; $1gt 557 
TimmesHA Sh: Wens'| donate SRR eters a DIRE GR 2 621 527) 2 210 821] 4.832, 348 
Marhliewy. 2.26: B20 OG5 |) AZ KOS3 ibe eee. a 39 718 135 756 
Sandstone..... 60 O42I. he $157 064 2 286 105 0590] 325 351- 
STiereeasg pe ye ye YF ade es ea aS a SEG O21:\7 50 ler we enna 621 750 
Rotale-se,s¢ $128 043] $52 264|$157 0641$3 305 823/$2 463 562/$6 106 756 
@ Included under “‘ all other.”’ 
GRANITE 


Granite is both a specific and a general term. When used in 
the restricted scientific sense it means an igneous rock of thoroughly 
crystalline character in which the chief constituents are feldspar, 
quartz and mica. Such a rock has a massive appearance; that is, 
the constituents are uniformly distributed in every direction, and 
owing to the predominance of the feldspar and quartz’ the color is 
rather light, commonly gray or pink. Asa variation to the uniform 
distribution of the minerals, the latter may develop a plane parallel 
arrangement through the influence of compression when the mass 
was still deeply buried in the earth’s crust. A granite with this 
parallel or foliated texture is known as a granite gneiss. 

The commercial definition of granite is much broader than that 
given and includes almost any of the crystalline silicate rocks 
(usually igneous) that possess the requisite physical qualities for 
use as architectural or monumental stone. In most cases the 
commercial product is actually a granite in the true sense, but not 
infrequently it may be a syenite which lacks quartz, or a diorite 
consisting of plagioclase feldspar and hornblende, or anorthosite 
which contains little else than basic plagioclase feldspar. So-called 
black granites are mainly gabbros and diabases with a large propor- 
tion of the iron compounds pyroxene, hornblende and magnetite. 

The broader usage will be followed in the present classification, 
as all the above-named rocks are quarried in this State. 

The only silicate rock not included under granite is diabase or 
trap which by reason of the special features surrounding its pro- 
duction and uses is classed by itself. 


ee 
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Distribution. Granites and the related igneous rocks are restricted 


_ in outcrop 'to two well-defined areas in New York — the Adirondack 


region in the north and the Highlands in the southeast. Outside 


of these regions they occur only in stray bowlders or as part of the 
- general morainal accumulation left by the ice invasion which spread 


over most of the State. The granitic rocks in their economic bearings 
have been described quite fully in Bulletin 181 of the State Museum. 
Only a brief resumé of their character and distribution will be given 
in this place. 

The great expanse of crystalline rocks comprised within the 
Adirondacks affords a variety of quarry materials. The commoner 
types which are useful for building or monumental stone include 
granite proper, syenite and anorthosite. These are found in both 
massive and gneissoid development. Gabbros occur locally and 
have limited application for purposes of road improvement and 
engineering construction for which they take the place of trap. 
The red granite of Grindstone, Picton and Wellesley islands in the 
St Lawrence river is one of the characteristic products of the region, 
widely known as excellent building and monumental stone. In its 
usual phase it is a bright red, medium to coarsely textured granite 
of which the predominant mineral is feldspar associated with milky 
quartz and biotite. Most of the product in earlier years came from 
Grindstone island which furnished large quantities of structural 
and monumental stone to the cities on the St Lawrence and Great 
Lakes. Paving blocks were also made in quantity. “Most of these 
quarries are now idle or worked only in a small way. In recent 
years the principal operations have been carried on by the Picton 
Island Red Granite Company whose property is situated on the 
northern end of Picton island, by the Wisconsin Granite Company 
which has operated quarries on Wellesley island and at Alexandria 
Bay and by J. Leopold & Company with quarries at Alexandria 
Bay. The stone in the vicinity of Alexandria Bay differs from 
that above described in having a fine texture and color that ranges 
from pale pink to nearly white. It is not much used for structural 
purposes, but affords a good material for paving blocks and crushed 
stone. Small quantities of monumental and structural granite have 
been obtained from Parishville in eastern St Lawrence county. 
The stone has a dark red, fine grained body with curved and branching 
veinlets of bright red color, that are of somewhat coarser grain, 
but of the same mineral composition as the body. It is known 
in the trade as St Regis Red veined granite. An enormous body 
of coarse red granite of attractive appearance and sound quality, 
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though not yet utilized to any extent, is found in the southern part 
of St Lawrence county in the towns of Fine and Pitcairn along the 
line of the Carthage and Adirondack Railroad. There are many 
available quarry sites along the railroad. On the west the granite 
is bordered by a dark close-textured syenite not adapted for building 
purposes, but suited for crushed stone and engineering work requiring 
a strong material. 

In the eastern Adirondacks the available quarry materials suitable 
for architectural and monumental work consist of granite, syenite 
and anorthosite. These formations are of widespread occurrence 
although it is rarely that they possess the qualities requisite for 
crushed stone as they have been largely metamorphosed into 
gneisses. One of the localities where massive phases of these rocks 
are obtainable is in the vicinity of Ausable Forks. For several 
years past a considerable amount of monumental stone has been 
shipped from this section principally consisting of green syenite. 
Quarry sites are found along both sides of the Ausable river above 
and below the village of Ausable Forks. The monumental syenite 
has a bright green color on polished surfaces, takes a lustrous polish 
and brings out in strong relief the finest tracery. It is an excep- 
tionally strong and durable stone, but some qualities show a tendency 
to bleach or turn yellow on long exposure. The product from this 
- locality has been marketed under the names of Adirondack green 
granite and Killarney green granite. Anorthosite outcrops to the 
south of the village along the east branch of the Ausable. It con- 
sists of a fine ground mass of feldspar of greyish color set off by 
inclusions of black pyroxene and hornblende lending the appearance 
of a medium grey granite. The stone is well adapted for building 
purposes. Other quarries of anorthosite are found in the vicinity 
of Keeseville and south of there near Augur lake. A considerable 
quantity of stone was once taken from the Keeseville quarries of 
which examples are to be seen in Keeseville itself and in one or two 
of the public buildings in New York City. The Empire State 
Granite Company has been engaged in recent years in the develop- 
ment of quarries southeast of Keeseville where is found a light 
green variety of the stone which is very attractive both in rock 
finish and polished work. The exposures here and also on the 
shores of Augur lake take the form of great ledges in which the rock 
is broken at regular intervals by joints so that it can be readily 
quarried. The stone possesses a well marked rift and grain similar 
to that of ordinary granite which facilitates its cutting. In the 
vicinity of Dannemora, Clinton county, a pink or grey granite of 
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somewhat gneissic appearance is exposed and has been quarried 
to some extent. Its architectural use is well illustrated in the 
buildings of the state hospital and prison at Dannemora. The 
Dannemora Granite Company has worked the quarries occasionally 
in recent years as demand warranted operations. In the town 
of Wilton, Saratoga county, about 2 miles north of Saratoga Springs, 
a grey granite outcrops on the ridge to the west of the valley. The 
stone has a fine granular texture with occasional knots or segrega- 
tions of pegmatite. It has been employed principally for paving 
blocks, but some examples of its use as building stone are to be 
found in Saratoga Springs. A handsome porphyritic granite with 
pink feldspar in a ground mass of dark grey color occurs at Horicon, 
Warren county, near the outlet of Brant lake. At White Lake, 
Oneida county, is found a pink, fine-grained granite that has been 
quarried to a limited extent and near Gloversville, Fulton county, 
occurs a dark grey biotite gneiss which has been employed for 
architectural and general building purposes. 

A variety of granitic materials is found in the Highlands region 
of southeastern New York in Orange, Putnam and Westchester 
counties. Perhaps the best known of the granites for building work 
is the Mohegan granite which occurs in a large boss 5 miles east of 
Peekskill. Two colored varieties of the granite occur, one a light 
grey or pink in hue and the other a rich yellow or yellowish brown. 
The latter has scarcely a rival in beauty and uniformity of color 
among eastern granites and its warm subdued effect in buildings 
has won favor wherever the stone has been introduced. It has been 
employed in many large structures in New York City. The Mohegan 
Granite Company has been the largest producer of this grade. The 
grey granite is represented in the new Croton dam and in some of 
the buildings in the towns along the Hudson river. In southern 
Westchester county occurs a light-colored gneissic granite which 
has been commonly called the Yonkers gneiss and belongs to one 
of the earlier Precambrian intrusions in the Highlands region. It 
is quite free of knots and streaks, but almost invariably shows a 


‘parallel structure in the arrangement of the mica. It occurs in 


several areas of which the principal one forms a belt that parallels 
the Bronx river, and Harlem Railroad from a point just south of 
Mount Vernon to Hartsdaleand White Plains. A second area of con- 
siderable extent lies along the axis of the main belt, but farther 
north near Valhalla. In the latter area are situated the quarries 
that have supplied the stone for the immense Kensico reservoir 
dam, which is remarkable for its architectural features as well as 
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for its size. In the former area are included quarries near .Dun- 
woodie which have supplied stone for many structures in Yonkers . 
and vicinity, at Hartsdale, Scarsdale and near Tarrytown. 
Granite is exposed over an area of many square miles at the 
northern portals of the Hudson gorge composing the ridges known 
as Storm King and Breakneck mountains. It.has usually a foliated 
appearance, but in the quarry shows a massive structure and is 
undoubtedly of igneous derivation. It contains frequent streaks 
and knots so that it is not well adapted for architectural purposes, 
but is serviceable for foundation stone and for crushing purposes. 
Quarries were formerly operated at the base of Storm King and 
Breakneck mountains, but have been inoperative for several years. 
A local intrusion of massive grey granite occurs between Manitow 
and Garrison in Putnam county about one-fourth of a mile back 
from the river. It has a fine grained and medium grey well-blended 
color. The principal opening is known as King’s quarry operated 
at one time by the King Granite Company. The rock is illustrated 
in some of the large structures in New York City and some of the 
buildings of West Point. Outcrops of a dark gray granodiorite in 
the towns of Mamaroneck, Rye and Harrison, Westchester county, 
have yielded considerable quantities of stone for building and, engi- 
neering work. It is a markedly gneissic rock consisting of white 
feldspar with smoky quartz and large amounts of black mica arranged 
in parallel bands. It has a rather sombre ‘effect when seen In 
buildings. The former quarry sites have mostly been abandoned 
and built over, but the quarry of Faillace Brothers at Mamaroneck 
has been worked up to the last few years. Large quantities of stone 
for building and foundation work have been obtained from various. 
localities in the Fordham gneiss area, which spreads over an 
extensive part of Westchester county. It is a banded light and 
dark material of extremely variable composition and appearance. 
The banding is due in part to injection by granite. Quarry sites. 
are to be found at Uniontown, Bryn Mawr, Lowerre and Fordham. 
On the west side of the Hudson river in Orange county granitic 
rocks are sufficiently widespread to afford many quarry sites, but 
the most important exposures, so far as building stone is concerned, 
are in the southwestern part of the county near the New Jersey 
state line. Pochuck mountain which ies partly in New York 
and partly in New Jersey is made up in part of a coarse massive to 
slightly foliated hornblende granite serviceable both for building 
stone and for general-engineering work. The Empire State Granite 
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Company once operated quarries in the area from which stone was 


. - obtained for buildings in Paterson, N. J. Farther north are the 


large bosses of granite known as Mt Adam and Mt Eve. The 
stone resembles that from Pochuck mountain in general com- 
positiom and appearance, being a hornblende granite with subsidiary 
mica and having a coarse texture and greyish color. Old quarries 
exist’on the north slope of Mt Adam and the western slope of Mt 
Eve: They were opened about 1889 or 1890. Those on Mt Eve 
supplied considerable dimension stone for building operations in 
the northern towns in New Jersey. Gnéissic granites are found 
along the Erie Railroad between Suffern and Ramapo, Rockland 
county. 


LIMESTONE 


Here are included the carbonate rocks — limestones and dolomites 
—of the granular nonmetamorphic sorts that have no particular 
value for ornamental stone: Crystalline limestones that lack this 
quality are also considered under this head, as well as the waste 
product of marble quarries which finds use as crushed stone, flux 
and for other purposes. 

New York State has a varied assortment of limestones of which 
there are individual representatives in most of the important geologic 
groups. Consequently they are widely distributed over the State. 
Practically the only large areas not well supplied with these rocks 
are the southern section on the Pennsylvania border and the central 
Adirondacks; the: Upper Devonian strata of shales and sandstones, 
with no considerable limestone beds, extend in a broad belt west 
from the Catskills through the southern tier of counties to Lake 
Erte, while im the interior of the Adirondacks the formations are 
largely silicate rocks — gneisses, granites, anorthosite etc. 

Geologically the limestones range from early Precambrian to late 
Devonian age. The oldest are represented by the Grenville lime- 
stones of the Adirondacks and the Highlands which are thoroughly 
crystalline: and occur in patches of strongly upturned and folded 
strata: A later member of the Precambrian probably is the Inwood 
limestone of Westchester county, also metamorphosed and folded. 
It is these members that afford the marbles used for building, 
ornamental and monumental work. Among the later formations, 
limestones are prominent in the upper Cambrian, Ordovician, Silurian 
and the lower portion of the Devonian systems. Here, as a rule, 
they lie in regularly stratified beds, horizontal or but slightly dis- 
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turbed, and have a fine granular or occasionally microcrystalline 

texture. Their outcrops can often be traced for long distances. 
The present discussions of the resources of limestone will be 
restricted to an outline of the characters and distribution of those 
representatives that have chief importance from an economic 
standpoint. 

Crystalline (mainly Precambrian) limestones. The Grenville 
formation of the early Precambrian includes limestones among its 
members, always metamorphosed and often surcharged with sec- 
ondary silicates. Some occurrences, however, show a high content 
of carbonates, ranking with the best of the nonmetamorphic lime- 
stones, so that they deserve consideration in this place. They 
appear in belts and isolated patches and are very unequally dis- 
tributed within the Adirondack Precambrian region. The principal 
development is in St Lawrence and Jefferson counties, where there 
are four considerable belts, besides numerous small exposures. The 
argest area is the belt that stretches from Canton, St Lawrence 
county, to near Antwerp village, Jefferson courity, with a width of 
from 1 to 7 or 8 miles and a surface of 175 square miles. A parallel 
belt occurs a few miles northwest, about midway between the first 
and the St Lawrence river, in the towns of Macomb, Hammond and 
Rossie, St Lawrence county. Southwest of the main area is the 
Edwards-Fowler belt, affording a very impure limestone in most 
outcrops but occasionally fairly high in carbonates. The fourth 
belt lies farther southeast across the St Lawrence-Lewis county 
boundary, and is well exposed near Harrisville, Bonaparte Lake and 
Natural Bridge. In the interior of the Adirondacks the limestones 
are rarely represented, although they are found in some of the valleys 
in Essex county 30 or 40 miles from the border, as around Newcomb 
and Minerva, and with increasing frequency towards the Champlain 
valley. On the north and south sides of the Adirondacks they are 
sparsely developed. 

The Grenville limestones are quarried for marble around Gouver- 
neur.' Crushed stone, flux and lime are also made in this section. 
The principal lime-burning operations have been carried on near 
Richville and Natural Bridge; at the latter place the product is 
magnesian lime, used for refractories and paper making. The 
chemical character of the Grenville limestones is exhibited by the 
follgwing analyses: 
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Analyses of crystalline limestones of the Adirondacks 
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2 Gouverneur; St Lawrence Marble Co., Extra Dark quarry. R. W. Jones, 
analyst. 
“Cae Gouverneur Marble Co. R. W. Jones, analyst. 

Gouverneur; Rylestone quarry. R. W. Jones, analyst. 

Gouverneur; White Crystal Marble Co. Watertown Arsenal, analyst. 
Harrisville; R. W. Jones, analyst. 

Six miles south of Canton. Professor Priestley, analyst. 

Canton; Stevens quarry. Professor Priestley, analyst. 
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The crystalline limestones in southeastern New York include 
small areas in the Highlands gneiss complex which are perhaps the 
equivalents of the Adirondack Grenville limestones. They are 
found along Sprout Brook valley, north of Peekskill, as a narrow 
belt 5 or 6 miles long; near Garrison and Cold Spring, Putnam 
county; and in various parts of Orange county on the west side of 
the Hudson river. ‘They are magnesian, but do not usually carry 
enough magnesia to be classed as dolomites. In some places they 
are fairly free from silicate impurities. 

In southern Orange county a white crystalline limestone is devel- 
oped on a considerable scale, mainly in the towns of Warwick, 
Minisink and Goshen, as an extension of the New Jersey (Franklin 
Furnace) limestone belts. It occupies the valley that borde s the 
Precambrian gneiss ridges in the town of Warwick and may be seen 
in outcrop near Warwick village and more especially about New 
Milford, where it underlies a series of low hills and is in many places 
thinly soiled. Although not quarried to any extent in New York 
State there are very extensive operations just across the line in 
New Jersey. Another belt of the limestone outcrops around Pine 
Island,and probably underlies much of the low marshy tract known 
as the Drowned Lands of the Walkill. Quarries have been opened 
just southeast of Pine Island. The limestone is a medium to coarse 
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grained crystalline white limestone, with usually small amounts of 
impurities. The magnesia content is variable, ordinarily only 2 to 
3 per cent, but may reach the proportions of dolomite. The fol- 
lowing analyses show the character of the material. 


Analyses of crystalline limestones of southern Orange county 
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I, 2, 3, 4. New Milford, Orange Co. (George E. Winter’s farm). Analyst 
Bethlehem Steel Co.’s laboratories. 
5 New Milford, Orange Co. Analyst, Bethlehem Steel Co.’s laboratories. 


The main development of the limestones on the east side of the 
Hudson river is along the Harlem Railroad in Westchester, Putnam 
and Dutchess counties. In Westchester county the Inwood lme- 
stone, a white dolomite, has been the source of large quantities of 
structural stone, furnace flux, lime and crushed stone. Farther 
north in Dutchess county is a belt of white to bluish gray dolomite, 
worked for marble and lime. Quarries for flux, lime and structural 
stone have been worked aiso at Ossining. 


peelie of crystalline Lawestome of southegstem New York 
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I Sprout brook valley; Frost quarry. H. D. ame Ur analyst. 

2. Sprout brook valley; Couch farm, H. D. Gehret, ‘analyst. 

3 White Plains; James O'Connell quarry. 7 untington, analyst. 

4, Pleasantville; quarry of Snowflake Marble Co. ge Ries, analyst. 
5 Tuckahoe; quarry of New York Marble Co. W. F, Hillebrand, analyst. 

6 Ossining; Mark's quarry. New Jersey Zinc Co., sibel te 

Wingdale; quarry of South Dover Marble Co. Analysis: supplied by the 
company. 
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Upper Cambrian limestones. These are mostly magnesian lime- 
stones and dolomites that were earlier classed as*Calciferous, but 
now given independent places in the classification. They include 
the Hoyt limestone, which is exposed in the vicinity of Saratoga 
Springs, and the Little Falls dolomite as the main members, both 
rather impure massively bedded rocks that find use mainly for 
foundation work or crushed stone. They are dark gray, weathering 
to buff, with a proportion of lighter grains or rhombs of calcite which 
give an irregular subcrystalline texture to the materials. The Little 
Falls dolomite is well shown in the old quarries about Little Falls 
and east of there at St Johnsville, Canajoharie and Cranesville in 
the Mohawk valley. The general composition of the rock is indi- 
cated by the analyses below of samples from Little Falls (1) and 
from Amsterdam (2) quoted from Bulletin 44 of the New York 
State Museum: 


Analyses of Cambrian limestones 
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Ordovician limestones. In the succession of Ordovician strata 
limestones are represented in force in the Beekmantown, Chazy, 
Lowville, Black River and Trenton formations. They are distrib- 
uted over quite an extensive surface, mainly on the eastern, southern 
and western borders of the Adirondacks. 

The Beekmantown limestone, now limited to the middle and 
upper beds of that series as formerly defined, is developed in the 
Champlain valley. It occurs on the New York side in detached 
areas, usually down-faulted blocks that are remnants of a once 
continuous belt. It is represented in the basal portion of the lime- 
stone area that outcrops in Washington, Saratoga and Montgomery 
counties along the Adirondack margin. In the Champlain valley it 
has been quarried at Port Henry for furnace fiux for local use. 
Quarries have been worked near Amsterdam, while at Tribes Hill 
occurs an earlier but quite similar stone, called the Tribes Hill 
limestone, that has also been worked. 
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In southeastern New York there are siliceous magnesian lime- 
stones which may be representative of the Beekmantown, although 
their exact position in the stratigraphic series has not been definitely 
determined. They are especially developed in Orange, Westchester 
and Rockland counties and are quarried at Tompkins Cove, Ver- 
planck Point and near Newburgh. 

The Chazy limestone is exposed in discontinuous patches from 
Saratoga county north to the Canadian boundary. It attains itsmaxi- 
mum thickness in eastern and northeastern Clinton county, and has 
been quarried around Plattsburg, Chazy, on Willsboro point, Valcour 
island and other places. It is the earliest representative of the 
Paleozoic limestones that has a fairly uniform and high calcium 
content; the analyses show up to 95 per cent or more of calcium 
carbonate. It has a grayish color and subcrystalline texture. The 
fossiliferous beds yield attractive polished stone and are quarried 
near Plattsburg for interior work. It is used for lime, furnace flux 
and is adapted to portland cement manufacture. On the west side 
of the Adirondacks, the Pamelia limestone, described in the reports 4 
by Cushing and Ruedemann on the areal geology of that section, 
belongs to the Chazy series. It covers a considerable area in Jeffer- 
son county between Leraysville and Clayton, and has been rather 
extensively worked for building stone and lime. 

The Lowville, Black River and Trenton formations, of the 
Mohawkian or Trenton group, are closely related in their features 
and distribution. They rank among the very important quarry 
materials of the State. They are represented in the Champlain 
valley, but are especially prominent on the Vermont side; from 
the latter area a belt reaches across northern Washington county 
to Glens Falls in Warren county and is continued into Saratoga 
county. Quarry openings in this section occur near Plattsburg, 
Crown Point, Larabees Point, Sandy Hill, Smiths Basin and Glens 
Falls. Portland cement, lime, building stone and crushed stone 
are produced in the vicinity of Glens Falls. In the Mohawk valley 
there is a considerable exposure of the limestones near Amsterdam 
and north of there across the towns of Perth and Broadalbin, with 
several quarries that yield building stone, crushed stone and material 
for lime manufacture. ‘The largest area of these limestones is the 
belt which begins in the Mohawk valley near Little Falls and extends 
northwest with gradually increasing width across Oneida, Lewis and 
Jefferson counties to the St Lawrence river. Within its limits are 


1 See especially, Geology of the Thousand Islands Region, N. Y. State Mus. 
Bul. 145, 1910. 
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many quarry sites, such as at Chaumont, Clayton, Cape Vincent 
and Watertown, Jefferson county; Lowville, Port Leyden and 
Collinsville, Lewis county; Boonville, Prospect and Trenton Falls, 
Oneida county; and Middleville, Herkimer county. The limestones © 
vary in composition and physical character according to locality and 
geologic position. They are predominantly dark gray and some beds 
nearly black, often highly fossiliferous. As a rule thev contain 
small amounts of magnesia and run as high as 97 or 98 per cent 
calcium carbonate. The lower part of the group is heavily bedded 
and well adapted for building stone; the upper beds are thinner 
and often shaly. Limestones of the Trenton group are exposed in 
the Hudson valley below Albany, as detached areas within the 
Hudson River shales. Eckel’ has called attention to the occurrences 
in the Poughkeepsie region. Limestones made up of a series of 
exposures with the same trend, are found near Rochdale, Pleasant 
Valley and Salt Point, east and northeast of Poughkeepsie. They 
contain some magnesia, up to the maximum limit admissible for 
portland cement, and also considerable silica. ‘There are no quarry 
operations under way at present in the district. 


Analyses of Ordovician limestones 
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1 Ordovician limestone, Tompkins Cove, Rockland county. N. Y. State 
Museum Bul. 44. 
2 Ordovician limestone, Newburgh. Miller quarry. Idem. 
3, 4,5 Trenton group, near Poughkeepsie. U.S. Geol. Survey Bul. 522. 


1 Portland Cement Materials and Industry in the United States. U.S. 
Geological Sur. Bul. 522, 1913, p. 275-76. 
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f6 Beekmantown limestone, Ogdensburg. Howard’s quarry, upper part. 
N. Y. State Museum Bul. 44. 

7 Beekmantown limestone, Ogdensburg. ard’s quarry, lower part. 
Idem. 

8 Chazy limestone, Chazy. D.H. Newland, analyst. Idem. 

9 Chazy limestone, Willsboro Point, Essex county. T. G. White, analyst. 
Tdem. 

io Trenton group, Smith’s Basin, Washington county. Keenan quarry. 
Idem. 

11 Trenton group, Smith’s Basin, Keenan quarry. H. Ries, analyst. Idem. 

12 Trenton group, Whitehall. Harris quarry. Idem. 

13 Trenton group, Glens Falls; upper bed. Idem. 

14 ‘Trenton group, Glens Falls; lower bed. Idem. 

15 Trenton group, Amsterdam. Hewitt quarry. Idem. 
16 Trenton group, Amsterdam. Hewitt quarry; upper layer. Idem. 

17 Trenton group, Ingham Mills, Herkimer county. Butler quarry. Idem. 

18 Trenton group, Ingham Mills, Herkimer county. Butler quarry. Idem. 

19 Trenton group, Prospect, Oneida county. J. D. Irving, analyst. Idem. 

20 Trenton group, Lowville. J. Watson’s quarry. Idem. 

21 ‘Trenton group, Collinsville. Lewis county. Roberts quarry. D. H. 
Newland, analyst. Idem. 

22 Trenton group, Port Leyden. Snyder quarry. D. H. Newland, analyst. 
Idem. 


Silurian limestones. The lowermost formations of the Silurian 
comprise slates and sandstones without any calcareous beds. In 
the middle or Niagaran group these rocks become important and 
are divided among the Clinton, Lockport and Guelph members. 

The Clinton limestone appears mainly in the western section of 
the Clinton belt of strata which outcrops all the way from Otsego 
county to the Niagara river, on a line a little south of the Mohawk 
river, across Oneida lake and thence directly west. East of Rochester 
the limestone occurs in thin, discontinuous, usually shaly layers, 
intercalated in shales which constitute the main element. To the 
west of that locality it thickens and in Niagara county greatly 
predominates over the shale, having a thickness altogether of about 
30 feet. The upper to or 12 feet of the succession consist of light- 
colored fossiliferous beds which are fairly pure calcium limestones. 
The middie and lower parts are more silicious and the middle layer 
isa dolomite. On account of the scarcity of high calcium limestones 
in the western part of the State, for which a large demand exists in 
Buffalo and vicinity, the Clinton beds have considerable economic 
importance, and large quarries have been opened near Pekin and 
Gasport, Niagara county. The principle use of the product is for 
flux in iron blast furnaces. 

The Lockport and Guelph are magnesian limestones or dolomites. 
They are quite similar in general characters but differ in their fossil 
content. The Lockport is the more persistent formation and outcrops 
m a belt, some 4 or 5 miles wide, from Niagara Falls to the western 
border of Onondaga county, whence it can be traced with diminishing 


MINERAL RESOURCES OF THE STATE OF NEW YORK 263 


width into Madison county, while the strata are recognizable as far 
east as Herkimer county. The Guelph, on the other hand, is 
restricted in outcrop to a limited areain Wayne, Monroe, Orleans and 
Niagara counties. In the vicinity of Rochester the general succession 
consists of 62 feet of Lockport dolomite at the base, followed by 3 feet 
of Guelph dolomite, 32 feet of Lockport and finally 8 to ro feet of 
Guelph at the top. The Lockport is rather thin bedded and siliceous 
at the base, with more or less of bituminous shaly matter; the beds 
thicken higher up and the topmost ones are fossil dolomite of fairly 
pure nature. The color is dark gray to light gray for the fossil 
variety which contains spots or blotches of red and has ornamental 
qualities when polished. Cavities and veins with crystallized calcite, 
dolomite and other minerals are not uncommon. Quarries of 
constructional stone have been worked around Niagara Falls, 
Lockport and Rochester, and magnesian lime has been made from 
the Lockport member in Niagara county and from the Guelph 
near Rochester. Examples of the architectural use of the dolomite 
are to be seen in Buffalo, Niagara Falls and other cities in the western 
section of the State. 

The Cayugan group in the upper part of the Silurian system 
includes a number of formations that are important for their limestone 
beds. The Salina is mainly a shale formation but near the top 
occur impure calcareous strata which are known as the Bertie water- 
lime. The Cobleskill, Rondout and Manlius are largely calcareous 
in character. 

The Bertie has its main development in the State within the 
borders of Erie county, but it reaches into Genesee and Monroe 
counties and is known as far east as Otsego county. It has been 
extensively quarried for natural cement in Buffalo, Falkirk and 
Akron; this industry is now discontinued and the quarries are 
inoperative. The cement rock consists of a layer 5 to 8 feet thick 
made up of drab or gray argillaceous limestone enclosed within dark 
impure beds, of which the so-called ‘‘ bullhead ” stratum, a magnesian 
limestone, has been used for cut stone. This bed has the strati- 
graphic position of the Cobleskill formation’ (Coralline limestone 
of Hall). 

The Rondout and Manlius limestones have supplied large quan- 
tities of material for natural cement manufacture. The extensive 
cement mines in the Kingston district are located in the Rondout, 
as is also that formerly worked at Howes Cave, Schoharie county. 


1C, A. Hartnagel, Preliminary Observations on the Cobleskill (‘‘ Coralline ’’) 
Limestone of New York. N. Y. State Mus. Bul. 69, 1903, p. 1109-75. i 
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The formation in the two localities is 40 to 60 feet thick and con- 
sists of impure magnesian limestones in rather massive beds of fine 
texture. The rock has not been employed to any great extent for 
other purposes. The Manlius limestone is worked for natural 
cement in Onondaga county, where there are two beds of water- 
lime measuring about 4 feet thick, in character an argillaceous 
dolomite, separated by a comparatively pure, blue calcareous limestone 
of similar thickness. The blue limestone associated with the cement 
layers has been extensively employed as cut stone in Syracuse and 
vicinity; it is usually worked in connection with the overlying Onon- 
daga limestone. The quarry localities are mentioned under that 
formation. In eastern New York the Manlius is exposed along the 
west side of the Hudson river in Greene and Albany counties, also 
in Becraft mountain, Columbia county, and in Schoharie county, 
where it has been a source of building stone, crushed stone and of 
lime. It is here a fairly pure calcium limestone. 


Analyses of Silurian limestones 
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1I Clinton limestone, upper layer, Lockport. U.S. Geol. Surv. Bul. 522 
2 Clinton limestone, middle layer, Lockport. Idem. 
3 Clinton limestone, lower layer, Lockport. Idem. 
4 Lockport dolomite, south of Niagara Falls. William Massing’s quarry. H. 
Ries, analyst, N. Y. State Mus. Bul. 44. 
5 Lockport dolomite, quarry 13 miles east of Lockport. D. H. Newland, 
analyst. Idem. 
6 Guelph dolomite, Gates, near Rochester. Snow’s quarry. D. H. Newland, 
analyst. Idem. 
7 Guelph dolomite, Rochester. Copeland quarry. D. H. Newland, analyst. 
Idem. 
8 Bertie Waterlime, Buffalo. Quarry of Buffalo Cement Co. 
9 Bertie Waterlime, near Leroy, Genesee county, Howell farm. D.H. New- 
land, analyst. Idem. 
10 Manlius limestone, Split Rock, Onondaga county. Quarry of E. B. Alvord. 
Idem. 
II ate pee Split Rock, Onondaga county. Quarry of Solvay Process 
o. Idem. 
12 Manlius limestone, cement rock, Jamesville, Onondaga county. Quarry of 
E. B. Alvord. Idem. 


Devonian limestones. The more important calcareous deposits 
among the Devonian formations are comprised within the Helder- 
bergian group, the Onondaga limestone and the Tully limestone. 
The higher Devonian strata, represented by the Portage and 
Chemung formations with the Catskill equivalents of eastern New 
York, are devoid of limestone beds of workable size and character; 
the Tully occupies the most southerly position of all the commercial 
limestones in the area west of the Catskill mountains. 

The Helderbergian group is made up of several distinct strati- 
graphic units or formations inclusive of the Coeymans, Kalkberg, 
New Scotland and Becraft, all of which are essentially calcareous 
in nature. They are restricted in area to the eastern part of the 
State, the Coeymans alone extending as far as Onondaga county to 
the vicinity of Manlius. The outcrop east of Oneida county lies 
along the highland south of the Mohawk river jwhich becomes the 
Helderberg mountains in Albany county, where the limestones have 
a thickness of 200 feet. Here the outcrop swings around to the 
south, parallel with the Hudson river, along the west side of which 
it continues through Greene county to Kingston. An outlier of the 
Greene county area is found to the east of the river on Becraft moun- 
tain near Hudson. The limestones in many places are in close 
association with the upper members of the Cayugan group, with 
which they are stratigraphically continuous and closely allied in 
character. Along the Hudson valley the group attains a thickness 
of about 200 feet, of which the Coeymans constitutes so feet, the 
New Scotland 1oo feet, and the Becraft 35-40 feet. The Coeymans 
is a heavily bedded, dark gray limestone well adapted for building 
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stone, crushed stone etc. The New Scotland is an impure shaly 
limestone with shale intercalations. The most valuable member is 
the Becraft, which has a light gray color, semi-crystalline texture 
with pink and white fossils abundantly sprinkled through it; the 
lower beds contain 95 per cent or so of lime carbonate. It is well 
shown in the cement quarries around Catskill and Hudson. Lime, 
flux and building stones are also obtained from these beds. In 
Schoharie county the Helderbergian limestones are exposed in the 
quarries at Howes Cave, Cobleskill, Middleburg and other places, 
where they are worked in conjunction with the Manlius limestone. 
They extend across southern Herkimer county and appear at Oris- 
kany Falls, Oneida county, with a thickness of about 75 feet, over- 
lying about so feet of the Manlius limestone. 

The Onondaga limestone is.a notably persistent formation that 
exhibits also much similarity of characters over the long extent of 
outcrop. The main element is hard fine-grained limestone, con- 
taining bands and nodules of chert arranged more or less in courses 
or as irregular disseminations. This part is the Corniferous, 
so-called, while below may occur a coarser semicrystalline limestone 
of considerable purity. The cherty limestone is not much used 
except for crushing but the more homogeneous layers that are 
found with it supply also building stone, flux and material for lime 
manufacture. The outcrop extends across the State from Erie to 
Albany county, where it turns south into Greene county to near 
Kingston and thence runs southwest to Port Jervis. The western 
section in Erie and Genesee counties is marked by a low ridge or 
escarpment which begins in Buffalo and runs northeast to Akron 
and thence nearly due east, having the Bertie waterlime at the base 
and the gypsum beds of the Salina lying just north of it. Quarries 
have been worked in Buffalo, at Williamsville, Akron, Le Roy, Lime 
Rock and Honeoye Falls. In the lower part of the formation is a 
stratum of coral rock that is quite pure calcium limestone with 95 
per cent or so of the carbonate; this bed is 5 feet thick in Buffalo 
but increases to 35 feet at Williamsville, only to diminish rapidly 
again to the east, where it continues as a fluctuating member all the 
way to Albany county. 

Luther’ estimates the thickness of the Onondaga in the Buffalo 
district at 168 feet; at the Livonia salt shaft in Livingston county it 
is 136 feet; in a test well at Ithaca it measures 78 feet; in Onondaga 
county 65 feet; at Clarksville, Albany county, 85 feet and at Coun- 
tryman hill, Albany county, 100 feet. In Ulster county it still 


+N, Y. State Mus. Bul. 99, 1906, p. 13, 
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measures 60 feet in places. In the vicinity of Syracuse the lower 
pure beds, locally known as the “ gray limestone,”’ have a thickness 
of ro to 30 feet; it is extensively worked for building stone, and is 
recognized as a strong, durable material of attractive appearance. 
The Split Rock quarries near Syracuse which formerly supplied the 
limestone used by the Solvay Process Co. partly lie in this layer. 
The principal building stone quarries in the gray limestone are on 
the Onondaga reservation, 6 miles south of Syracuse. The Onon- 
daga limestone as exposed in Albany and Greene counties is repre- 
sented chiefly by the cherty member and is not quarried to any 
extent. In Ulster county, southwest of Kingston, are a number 
of quarries which have employed the stone for lime manufacture. 
The Tully limestone is confined to the central part of the State. 
It seldom measures more than 20 feet thick, but has considerable 
importance for quarry purposes, as it is the only available limestone 
in the particular section in which it outcrops. Its western limit is 
in the town of Gorham, Ontario county, whence it follows a winding 
course southeast to Seneca lake under the depression of which it 
makes a long loop to the south. It crosses Seneca county to the 
vicinity of Cayuga lake, of which it parallels the shore for 15 miles 
on either side, passing under the lake just north of Ithaca. The 
outcrop then continues across the south end of Owasco lake and 
of Skaneateles lake, runs across southern Onondaga county and 
comes to an end in the town of Smyrna, Chenango county. The 
limestone is low in magnesia, but contains considerable argillaceous 
matter. It is the basis of portland cement manufacture at Portland 
Point on Cayuga lake and is employed for local needs of crushed 
stone and foundation stone at various places along the outcrop. 


Analyses of Devonian limestones 
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Analyses of Devonian limestones 
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1 Becraft limestone, Rondout. Quarry of Newark Lime & Cement Co. N. Y. 
State Mus. Bul. 44. fu 

2 Becraft limestone, Wilbur, Ulster county. Quarry of J.B. Turner. Idem. 

3 Becraft limestone, Catskill. Holdridge quarry. H. Ries, analyst. -Idem. 

4,5 Becraft limestone, near Alsen, Greene county. Lehigh Valley Testing 
Laboratory, analysts. U.S. Geol. Surv. Bul. 522. 

6 Becraft limestone, Hudson. Quarry of Knickerbocker Portland Cement Co. 
H. E. Brown, analyst. Idem. 

7 Becraft limestone, Hudson. Quarry of New York & New England Lime & 
Cement Co. U.S. Geol. Surv. 20th Ann. Rep’t, pt 6. 

8,9 Coeymans limestone, South Bethlehem, Albany county. N. Y. State Mus. 

Bul. 44. 

10 Coeymans limestone, Howes Cave. C. A. Schaeffer, analyst. U.S. Geol. 
Surv. 20th Ann. Rep’t, pt 6. 

11 Coeymans limestone, Barnerville, Schoharie county. C. F. McKenna, 
analyst. Idem. 

12,13 Helderbergian limestone, Oriskany Falls. A. H. Chester, analyst. N.Y. 

State Mus. Bul. 44. 

14 Helderbergian limestone, Oriskany Falls. Idem. 

15, 16 Helderbergian limestone near Clinton. A. H. Chester, analyst. Idem. 

17 Onondaga limestone, Lime Rock, Genesee county. Idem. 

18 ES limestone, Leroy, Genesee county. Quarry of Morris & Strobel. 

em. 

19 Onondaga limestone, Waterloo, Seneca county. Idem. 

20 Onondaga limestone, Williamsville, Erie county. H. Carlson, analyst. 
U.S. Geol. Surv. 20th Ann. Rep’t, pt 6. 

21 Tully limestone, near Lansing, Tompkins county. H. Ries, analyst. N.Y. 
State Mus. Bul. 44. 

22 Tully limestone, Portland Point, Tompkins county. Middle bed. J. H. 
McGuire, analyst. U.S. Geol. Surv. 20th Ann. Rep’t, pt 6. 

23 Tully limestone, Dresden, Yates county. W.S. Spackman, analyst. U.S. 
Geol. Surv. Bul. 522. 
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MARBLE 


Marble, in the commercial sense, like granite, includes a variety 
of rocks that lend themselves to building or decorative uses. Most 
commonly, the name signifies a crystalline aggregate of calcite or 
dolomite, as distinguished from ordinary limestones which at best 
are of indistinctly crystalline nature. At the same time it implies 
the feature of attractivensss by reason of color and the ability to 
take a lustrous polish. Rocks possessing all these features are 
marbles in the strict sense to which the name may be applied without 
qualification. Some compact or granular limestones that lack the 
elements of thorough crystallinity make, however, a handsome 
appearance when polished, and such are commercially classed as 
marbles. Fossil marbles, black marbles, and a few other kinds are 
commonly of the noncrystalline type. Serpentine marble, or verd 
antique, is made up for the most part of the mineral serpentine, a 
silicate of magnesium and iron, and is therefore not related to the 
varieties already described. Ophitic limestone, or ophicalcite, is 
a crystalline limestone or dolomite carrying grains and nodules of 
serpentine scattered more or less evenly through its mass. Its 
ornamental quality lies in the speckled or mottled pattern and the 
sharp contrast between the clear white mass and the greenish 
serpentine inclusions. . 

Marbles belonging to those various types find representation in 
the geologic formations of the State and are quarried on a commercial 
scale or have been so quarried in the past. 

Distribution. The true or crystalline varieties are limited in 
occurrence to the metamorphic areas of the Adirondacks and south- 
eastern New York. They are of early geologic age, antedating the 
period of crustal disturbance and metamorphism which in the 
Adirondacks was brought to a close practically before Cambrian 
time and which in southeastern New York was completed in the 
Paleozoic. This thoroughly crystalline character is in fact a develop- 
ment of the strong compression accompanied by heat to which 
they have been subjected; having been originally, no doubt, ordinary 
granular or fossiliferous limestones similar to those so plentifully 
represented in the undisturbed formations outside the regions. 

The crystalline limestones of the Adirondacks are most abundant 
on the western border in Jefferson, Lewis and St Lawrence counties 
where they occur in belts up to 4 or 5 miles wide and several times 
as long, interfolded and more or less intermixed with sedimentary 
gneisses, schists and quartzites. They are found in smaller and 
more irregularly banded areas in Warren and Essex counties on the 
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eastern side, but have little importance elsewhere. The ophitic 
limestones that have been quarried at different times belong to 
the same series. The marbles of the Adirondacks comprise both 
the calcite class, with very little magnesia, and the dolomite class, 
containing high percentages of magnesia. No definite relation is 
apparent in regard to the occurrence of the two and both may be 
found in the same area in close association. 

The principal marble quarries in the Adirondack section are 
found near Gouverneur, within the belt of Precambrian (Grenville) 
limestones that extends from near Antwerp, Jefferson county, into 
the town of Canton, St Lawrence county, having a length of some 
4o miles and paralleled for much of the distance by the R. W. & O. 
branch of the New York Central railroad. In appearance it is a 
medium textured stone of light gray or mottled gray and white, or 
more seldom solid blue-gray color, that takes a lustrous polish. 
It is adapted both for building and monumental work. On account 
of its high carbonate content (95 per cent or more) it has been exten- 
sively employed also for lime and furnace flux. There is normally 
a small proportion of magnesium carbonate (6-7 per cent in most 
examples) and occasionally this ingredient assumes the proportions 
of a true dolomite, as instanced by the product of the White Crystal 
Marble Co., north of Gouverneur. The main quarry section is 
just southeast of Gouverneur, where the Gouverneur Marble Co., 
the St Lawrence Quarries and other companies have engaged in 
quarrying marble for building and monumental purposes. ‘The stone 
from this section is to be seen in many large structures in the principal 
towns of New York and adjoining states. Marble has been quarried 
at several localities near Canton, and also at Harrisville and Natural 
Bridge, Lewis county. 

Serpentine is associated with some of the Grenville limestone of 
the Adirondacks, producing such varieties as verd antique and 
ophicalcite that are employed as ornamental stone. Verd antique 
of handsome appearance has been quarried in the town of Pitcairn, 
north of Harrisville; it occurs also near Keeseville, Essex county, 
and at other places. Ophicalcite, mottled white and green marble, 
occurs in the vicinity of Port Henry and near Minerva, Essex county; 
small quantities have been employed for monumental and ornamental 
work. 

The southeastern New York marbles occur in belts which follow 
the north-south valleys, east of the Hudson river, from Manhattan 
island, into Westchester, Dutchess and Columbia counties. They 
are commonly white to light gray in color, well adapted for building 
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stone, of which many examples are to be seen in the commercial 
“structures, churches etc., of New York City. The marbles are 
“mostly dolomites and are interfolded with gneisses and schists, 
the whole series having steep dips like those of strongly compressed 
strata. The geologic age of some of the limestones is Precambrian, 
the oldest being the equivalents of the Adirondack Grenville: in the 
northern section they may represent regionally metamorphosed 
Paleozoic limestones. The leading quarries at present are those of 
_the Dover Marble Co., 2 miles northeast of Wingdale station on 
the Harlem Railroad. They yield a uniform white marble of fine 
compact texture, that has been in wide demand for architectural 
purposes. Itisatrue dolomite. The company has extensive cutting 
and polishing works at Wingdale station. An important quarry 
industry existed up to a few years ago in the vicinity of Tuckahoe, 
Westchester county, where a coarse, brilliant white stone occurs, 
also a dolomite. The waste from the several quarries has been put 
to use lately in the manufacture of artificial stone. A very similar 
marble is found at Pleasantville, Westchester county. Some struc- 
tural marble has been obtained from Ossining, but the main part 
of the output from this locality is employed in lime making. 
Magnesian limestones occur north of Peekskill, in Sprout Brook 
valley. At Dover Plains, Dutchess county, quarries have been 
opened in white or bluish-white marble of fine but somewhat loosely 
built texture. The Dutchess County Lime Co. uses the stone for 
building and agricultural lime. 
Besides the crystalline limestones, some varieties of the bedded 
granular limestones that occur in the unmetamorphosed Paleozoic 
series have ornamental qualities that class them in the trade as 
marbles. Such qualities may be lent by unusual color, by ground 
pattern due to the variation of grain or the presence of fossils and 
to the capacity of taking a high polish. Some have a suberystalline 
texture which arises from the slow action of ground waters which 
_take the carbonates of lime and magnesia into solution and redeposit 
them in crystalline form. These limestones have not been generally 
disturbed by regional forces, but lie in horizontal or slightly tilted 
beds, in contrast with the macro-crystalline limestones or marbles 
“proper. The black limestone from the Trenton beds at Glens 
Falls is of this type. It polishes to a uniform black surface and 
has been employed extensively for floor tiles, mantles and interior 
work. The Chazy limestone from Bluff Point, south of Platts- 
burgh, yields a fossil marble characterized by red and pink frag- 
“ments of crinoids in a gray partly crystalline groundmass. It is 
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sold for interior decorative work. The Becraft limestone with its 
round and crescentic fragments of crinoids is worked near Catskill 
for building and ornamental use. 

Serpentine is classed with marble in the decorative stone trade, 
but is quite different in its mineral and chemical nature, being a 
hydrated silicate of magnesia that is formed by the alteration of 
basic rocks in which pyroxene and olivine are important ingredients. 
Its ornamental quality depends upon the translucency and varied 
color of the serpentine, ranging from clear white to dark opaque 
shades of green. Large bodies of this rock occur on Staten island 
and near Rye in Westchester county, but there has been little 
quarrying at either locality. 


SANDSTONES 


Under sandstones are included the fragmental rocks, composed 
of sand grains compacted or bound together into a coherent mass. 
The size of the grains may vary from particles of almost microscopic 
size to those an inch or so in diameter, and this variation is recognized 
by dividing the group into silts, sandstones proper, and conglome- 
rates. Some sandstones have been simply compacted by pressure, 
but most of them are bonded by some cementing substance that 
has been deposited in the open pores between the grains. Upon 


the nature of the cement and its abundance depend to a large extent 


the color and strength of the stone. Silica, iron oxide, iron sulphide, 
iron carbonate, calcium carbonate and clay are the commoner 
kinds of cement in sandstones. Silica produces the hardest, most 
durable bond and when the grains themselves have a similar com- 
position the material is known as quartzite. Iron oxide affords a 
permanent bond, but iron sulphide decomposes readily on exposure 
to the atmosphere and sandstones in which it enters to any extent 
are unsuitable for constructional purposes. 

Of the sedimentary rocks which occur in New York State, sand- 
stone is one of the most widespread geographically but in economic 
importance it ranks second to limestone. Nearly all of the recog- 
nized stratigraphic divisions above the Archean contain sandstone 
at one or more horizons. The kinds chiefly quarried are the Potsdam, 
Hudson River, Medina and Devonian sandstones. A few quarries 
have been opened also in the Shawangunk conglomerate and the 
Clinton and Triassic sandstones. 

Potsdam sandstone. The Potsdam, a member of the Cambrian 
system, is the oldest and lowest of the formations that contain 
sandstones in extensive areal development adapted to building 
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and general purposes. The principal exposures are on the northern 
and northwestern sides of the Adirondacks. A continuous belt of 
the Potsdam from 5 to 15 miles wide extends from Lake Champlain 
across Clinton, Franklin and St Lawrence counties into Jefferson 
county and to the St Lawrence river, as a border to the Precambrian 
crystalline formations upon which the sandstone lies. Additional 
though smaller outcrops occur on the east side of the Adirondacks 
in Essex, Washington, Warren and Saratoga counties, and on the 
north side of the Mohawk valley. They represent faulted and 
eroded patches of once extensive belts of the sandstone that reached 
well toward the interior of the highlands. 

The Potsdam, in places shows the character of quartzite, having 
a body of quartz sand cemented by a secondary deposit of quartz, 
and is then exceedingly hard, tough and durable. There is no 
stone more resistant to weathering or better qualified to withstand 
heavy strains. Samples have sustained a crushing strength of more 
than 42,000 pounds to the square inch. The quartzite has a clear 
white, pink to light red color, varying considerably in different 
beds. Deep red colors which are occasionally to be seen imply the 
presence of ferric oxide in considerable amount. As a rule the 
beds are rather thin and their surfaces are often uneven owing to 
ripple marks. The edges have a laminated appearance, especially 
in the darker colored stones. Cross-bedding is not uncommon. 
The Potsdam bears an excellent reputation as a building stone, 
and the only difficulty with its employment for the purpose inheres 
in its refractory character in regard to sawing and tool treatment. 
For that reason it is used mostly in rock-face ashlar work. Many 
important structures built of the pink and light red stone are to be 
seen in the principal towns and cities of the State. 

Quarries in the Potsdam have been opened at Clayton, Chippewa 
Bay, Hammond, Redwood, Potsdam, Malone, Bangor, Moira, 
Burke and other places in the northern belt; also at Keeseville, 
Port Henry, Whitehall and Fort Ann in the Champlain valley; 
and near Keck Center in the Mohawk valley. The principal sources 
of building stone have been the quarries near Potsdam and those 
near Malone and Burke, Franklin county. The Potsdam Red 
Sandstone Co. has supplied much ashlar from the quarries 3 miles 
southeast of Potsdam. At Burke flagstone has been quarried, | 
largely for use in Montreal. 

The white Potsdam quartzite is a high-silica material that has 
found application in years past for glass manufacture. The purer 
beds carry 98 to 99 per cent or more SiO,, as exemplified by the 


274 NEW YORK STATE MUSEUM 


Moira and Bangor occurrences which were once worked for glass 
material. The iron content is low, 0.05 per cent or less in the best 
grades. It is possible in some instances to improve the quality by 
washing, as the sandstone may have a crumbly texture so as to be 
readily reduced to a sand. A sample from Moira thus treated, 
showed silica 99.54; iron 0.0054. Large quantities of the sandstone 
are sufficiently pure to be used for ferro-silicon manufacture.* 

Hudson River beds. The so-called Hudson River series includes 
a great thickness of sandstones and shales which possess a certain 
uniformity of character and field development but which are really 
composite of several stratigraphic units, ranging in age from Trenton 
to Lorraine. The sandstone members are usually fine-grained, not 
infrequently of the character of silts, light gray to dark blue gray 
in color. The stone weathers to a brownish yellow tint. It has a 
tendency to split or scale on exposure, especially the silty layers. 
The better grades have a siliceous binder; the clayey and calcareous 
varieties are to be avoided. Some of the quarries afford rectangular 
blocks with natural joint surfaces which have a soft brown or 
yellow tone, desirable for architectural work. A number of structures 
in Albany and vicinity are built of such stone. Over considerable 
areas the sandstones supply the most available material for founda- 
tion and general construction purposes and consequently they have 
been quite extensively used. 

The sandstones with the accompanying shales are exposed over 
a wide belt along the middle Hudson from Washington and Saratoga 
counties south to Dutchess and Orange. A second belt reaches 
up the Mohawk as far as Oneida county. It is only here and there 
that they are in sufficient force to be quarried, as a rule they occur 
in thin beds intercalated with the shale. 

Much of the building stone has been obtained in Schenectady 
and vicinity, while quarries for rubble and foundation stone have 
been worked at Rhinebeck, New Baltimore, Troy, Albany and 
other places. The Schenectady quarries afford the natural joint 
face ashlar to be seen in many churches and public buildings in that 
city, Albany and Troy. Crushed stone is produced at Schenectady 
and Albany. . 

»; Medina sandstone. This is one of the most extensively quarried 
sandstones in the State and is highly esteemed for general building 
and construction purposes. The better grades which consist of 


1 The information on the chemical character of the sandstone has been suppl ed 
by Mr R. J. Colony, who has undertaken an investigation of the high-silica 
materials of the State. 
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the straight, even grained, well bonded, quartz sandstone, rank 
with the best freestones of the country. Examples of its architec- 
tural use may be seen in the larger cities of the State — Buffalo, 
Rochester, Syracuse, New York — and also throughout the middle 
west; while it has had equal favor for street work. It is quite 
resistent to weather and the well bonded sorts do not readily crack . 
or ‘‘open’’ if laid on edge. In recent years the demand for archi- 
tectural stone has diminished to such an extent that the product 
now sold for that purpose is a small item in the total; paving blocks, 
cross-walks and curbstone being the principal kinds produced. 
The Medina sandstone is typically a quartz sandstone with a 
ferruginous or siliceous bond. The grain is medium to coarse. 
Cross-bedding is not very common, the lamination being usually 
straight. The individual beds range up to 5 or 6 feet thick. Thin 
argillaceous sandstones are also found in the series, as a gradation 
to the shales which lie below the coarser sediments. A parting of 
red shale may also lie between the sandstone layers and is known 
as “‘red horse.’ In depth, as the level of ground water is reached, 
pyrite is likely to appear in knots within the stone and as films 


upon the joint surfaces. The color is light gray, pink, or variegated 


in the two tints. The gray stone is locally called ‘“‘ white ’’ Medina. 
In limited amount occurs a reddish-brown variety which is in most 
- demand for building purposes. 

The Medina formation extends along the southern shore of Lake 
Ontario in a belt about 10 miles wide. It contains an assemblage 
of shales and sandstones altogether about 1200 feet thick in their 
extreme development. The sandstones in which the quarries are 
located lie in the upper 150 feet of the formation and usually just 
north of the ridge which marks the outcrop of the Niagara dolomite. 
The area underlain by the beds is quite flat and the quarries are in 
the form of pits or trenches, with 5 to 15 feet of glacial cover and 
20 to 30 feet of rock face. It is not possible as a rule to carry the 
excavations deeper than this on account of the ground water which 
lies close to the surface in most places. The selection of quarry 
sites has been made with reference to transportation facilities supplied 
by the canal and railroad lines, most of the present quarries lying 
along the old Erie canal. 

The principal operations are carried on in Niagara and Orleans 
counties in the stretch from Lewiston to Holly. In the Niagara 
section the output is represented largely by light gray stone which 
is obtained from near the base of the quarry face. There has been 
little demand of late years for this variety as building stone. The 
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gray beds become less prominent as the strata are traced into Orleans 

county which produces pink, variegated and red stone. There is 
almost a continuous string of openings across this county following 
the course of the Erie canal, with Medina, Eagle Harbor, Albion, 
Hulberton and Holly as the principal shipping points. Some of the 
largest operations in this section are the Orleans County Quarry 
Co., M. A. Ryan, Reed, Allen & Reed, John I. Cleary, Albion; 
Clark Bros. Quarry Co., Fancher; Moore & Waite, Vincent Stone 
Co., Thomas Vincelli, Hulberton; Orleans Sandstone Co., Holley. 
Orleans county by itself accounts for more than one-half of the 
production of sandstone, other than bluestone, reported for the 
whole State. 

Shawangunk conglomerate. This includes a series of arenaceous 
beds, conglomeratic at the base but with sandstone and shaly layers 
above, of Silurian age, outcropping in Orange, Sullivan and Ulster 
counties where it forms the prominence known as Shawangunk 
mountain. The strata extend in a continuous belt from High Falls 
near Kingston southwest into New Jersey at Port Jervis. They 
form the steep northwest face of the mountain and their dip is 
practically that of the surface slope that is to the northwest at 
angles of 25° to 45°.. They attain a maximum thickness of about 
200 feet. 

The sandstones are gray, hard quartzites of firm texture. The 
coarser layers have been extensively quarried for millstone. They 
are employed locally for rubble and foundation work, and at Otisville 
quarries have supplied large quantities of stone for ballast and 
abutment work in improvements carried out by the Erie and the 
Ontario and Western Railroads. A crushing plant at this place is 
operated by Bull & Wilbur, Incorporated. 

Clinton sandstone. Sandstone is an important member of the 
Clinton beds of eastern New York, although usually absent from 
the western section. In Herkimer and Oneida counties it occurs 
in successive layers that attain a thickness of 4o or 50 feet and 
occasionally forms ledges that can be easily quarried. It is a 
reddish brown to gray freestone, fairly hard and even grained, well 
adapted for ordinary construction work. It has been employed 
locally for architectural work of which examples are to be seen in 
some of the Utica churches. No large quarry operations are carried 
on at present. 

Devonian sandstones. The Devonian sandstones that yield 
structural materials are mainly found in the upper portion of the ~ 
system, within the Hamilton, Portage, Chemung and Catskill for- 
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mations. Collectively they are the most widespread of all'in surface 
development, since practically all of the middle and southern tiers 
of counties, west of the Hudson river, are underlain by Devonian 
beds — chiefly sandstones and shales — covering an area of fully 
one-third that of the whole State. The northern and eastern limits 
of the Devonian beds may be defined approximately by a line dr n 
from Port Jervis in Orange county, northeast to Kingston and 
thence north on the west side of the Hudson river to Ravena below 
Albany where the boundary swings in a broad curve to the north- 
west following the Helderberg escarpment into Schenectady county; 
from this locality it continues in a direction north of west, parallel 
with the Mohawk river, into Oneida county, south of Utica; thence 
the boundary extends almost due west to Buffalo and Lake Erie. 
Within the area thus defined the strata all belong to the Devonian 
with the exception of a few patches of Carboniferous conglomerate 
in Allegany and Cattaraugus counties on the Pennsylvania border. 
The predominant rock type over large areas is shale, but in most 
sections sandstones are found intercalated with the shale or in 
successive beds which may reach considerable aggregate thickness. 
The Devonian sandstones are commonly grouped together for 
commercial purposes under the name of bluestone. This name, 
it appears, originated among the quarrymen of Ulster county, where 
the characteristic material in the quarry ledges has a bluish gray 
color. There is no broad significance to the term, however, for 
drab, green and purple to red varieties are associated with the blue 
layers, and outside of the Hudson River district they are quite 
common. The special properties of these sandstones are sufficient 
reason to place them in a separate class, and the term bluestone 
may well be retained as a general group name. 
Fa They occur in thin-bedded layers or flags, which gradually thicken 
in depth below the zone of frost action. They have a fine, compact, 
even texture, giving the appearance of a uniform dense mass that 
in the finer-grained phases is really a silt. In conformity with the 
closeness of grain the stone has a low porosity and absorbs moisture 
to a small extent, whereas most sandstones are fairly porous and 
form the natural reservoirs for storage of water, gas and oil. A 
further character that is found in many of the quarries is ‘he well- 
developed capacity for parting along planes parallel to the bedding. 
By reason of this property the heavier layers may often be split 
into two or more slabs with smooth even surfaces, so as to be readily 
converted into curb or flagstone. The expert quarryman is able 
to recognize the lines of potential parting on the edge of the stone 
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by the variation in texture; the lines are called ‘‘ reeds.” If the 
stone lacks ‘‘reeds”’ it usually breaks with a conchoidal fracture 
and is then said to be “‘ scallopy.’’ By virtue of the reeds the stone 
may be worked up into commercial form with a minimum of labor. 
The thicker stone is utilized for curbing, crosswalk and large plat- 
forms; the thinner is sold as flagging or in part cut into dimension 
form for sills, lintels, window caps and other house trimmings. 
Dimension stone for building purposes is mainly produced in the 
Wyoming county quarries where the stone has a softer texture and 
can be readily shaped in the mill. 

The Hudson River bluestone district includes parts of Albany, 
Greene and Ulster counties, where the stone quarried is brought out 
to the river for shipment by boat. Albany, Catskill, Saugerties and 
Kingston have been the main collecting points for the product 
along the river; in recent years very little stone has been produced 
in the area tributary to Albany or Catskill, so that Saugerties and 
Kingston have become the only important centers of the business. 
In Albany county there are quarry sites in the towns of Berne, 
Westerlo and Coeymans, from which stone was formerly obtained. 
They have not been productive for the last 10 years. Greene county 
once shipped considerable stone from quarries located along the 
edge of the Catskills and from some of the interior towns which 
are on the line of the Ulster & Delaware Railroad. Ulster county 
has always been the main factor in the industry of this section; 
the principal quarry localities, many of them now abandoned, are 
situated in Saugerties, Kingston, Hurley, Woodstock, Shandaken 
and Olive townships. In the town of Saugerties are Quarryville 
and West Saugerties, both important for the industry. The output 
in Ulster county has been handled of late years by the firm of John 
Maxwell’s Sons, Saugerties, and the Hudson River Bluestone Co., 
Kingston. 

The Delaware River district includes Sullivan, Delaware and 
Broome counties, tributary to the Erie and Ontario & Western 
Railroads, over which most of the product is shipped. The quarry 
centers and shipping points include Walton, Hancock, Lordville, 
Hale Eddy and Fish’s Eddy, Delaware county; Rockland, Livings- 
ton Manor and Long Eddy, Sullivan county; and Deposit, Broome 
county. Some of the larger quarry operators and dealers are 
Deposit Stone Co., Deposit; Kirkpatrick Bros., Hancock; M. L. 
Connor & Son, Walton; Travis Stone Co., Hale Eddy; Johnston & 
Rhodes Bluestone Co., Horton; Herbert Shaw, Middletown; Kenney 
Bros., Long Eddy; and William J. Reynolds, Roscoe. 
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In Chenango county large quarries are found near Norwich and 
Oxford. The stone from this section occurs in heavy seams, and 
though resembling the product of the Ulster county quarries in its 
color and fine even grain, is not so hard. The upper beds of thinner 
stone are sold for flag and curbstone and the heavier ones are worked 
into building stone, which forms the chief item. Much of the 
product is shaped in the mill. Clark, Conroy & Co., Norwich; 
Graham & Aylesworth, Oxford; and McNierney Bros., Oxford; 
operate in this district. 

Near Warsaw and Portageville, Wyoming county, are quarries 
that supply building stone in large quantity. The layers or “lifts ”’ 
. are heavy, fine grained, and easily milled. The sandstone is of 
Portage age. 

Bluestone quarries have been worked in most of the southern 
tier of counties from Broome county west to Cattaraugus county, 
but the product is mostly for local use and the operations are 
desultory. 

Triassic sandstone. The area of Triassic rocks (Newark series) 
in Rockland county includes arenaceous beds of workable dimensions 
that yield a red coarse-grained freestone. ‘They are exposed along 
the face of Tor mountain near Haverstraw, and south of there at 
intervals as far as Piermont. Quarries were once worked for local 
supply of building and foundation stone, but have long been idle. 


TRAP 


Trap is not a distinct rock type, but the name properly belongs 
to the fine-grained, dark-colored igneous rocks that occur in intrusive 
sheets and dikes. In mineral composition it differs from most of 
the igneous rocks that are classed in the trade as granite by the 
prevalence of the basic plagioclase feldspars and the higher per- 
centages of the iron-magnesia minerals, while it contains no quartz. 
Some of the so-called “‘ black granites,’’ however, are trap. The 
name is sometimes applied to fine-grained rocks of sedimentary 
derivation, but such usage is misleading and indefensible. 

The particular value of trap is due to its hardness and toughness. 
Its fine, compact, homogeneous texture gives it great wearing 
powers and it is eminently adapted for road metal and concrete of 
which heavy service is required. The principal product, therefore, 
is crushed stone. It has been used to some extent, also, as paving 
b'ocks, but these are rather difficult to prepare, since trap very 
seldon shows any capacity for parting comparable to the rift and 
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grain structures of granites. As a building stone it finds very little 
application, probably on account of its somber color. The expense 
of cutting and dressing trap is also an obstacle to its employment for 
building or ornamental purposes. 

The trap quarried in New York State is properly a diabase. Its 
mineral composition varies somewhat in the different occurrences, 
but the main ingredients are plagioclase feldspar and pyroxene, with 

“more or less of amphibole, olivine, magnetite and sometimes biotite. 
The texture is characteristic, for the feldspar forms lathshaped 
crystals which interlace and inclose the pyroxene and other 
ingredients in the meshes, and it is this firmly knit fabric which 
gives the stone the qualities of strength and toughness. 

Occurrence. The largest occurrence of trap in New York is 
represented by the Palisades of the Hudson and the continuation 
of the same intrusion which extends southward through New Jersey 
onto Staten island and is also encountered in the interior of Rock- 
land county. The Palisades are the exposed edge of a sill or sheet 
of diabase that is intruded between shales and sandstones of Triassic 
age. The sheet is several hundred feet thick, in places nearly 1000 
feet, and in general seems to follow the bedding planes of the sedi- 
mentary strata which dip to the west and northwest at’ an angle 
of from 5° to 15°. The outcrop is narrow, seldom over a mile, and 
in places is limited to a single steep escarpment. The principal 
quarries are near Nyack and Haverstraw at the base of the cliffs. 
Other quarries have been opened near Suffern, Rockland county, 
on an isolated intrusion, and also near Port Richmond, Staten 
island, at the southern end of the Palisades sill. 

Trap occurs in numerous places in the Adirondacks, but mostly 
as narrow dikes. It is especially common in Essex and Clinton 
counties, where there are many thousands of dikes that range from 
a few inches to 20 or 30 feet thick. On the southern border of the 
region are a few dikes of notable size, such as that in the town of 
Greenfield, Saratoga county, and at Little Falls in’ the Mohawk 
valley. A quarry has been opened in the Greenfield occurrence for 
the supply of crushed stone. as 

The quarrying of trap along the face of the Palisades in Rockland 
county probably will soon be discontinued, as it is designed to 
purchase the quarry properties for the Palisades Interstate Park. 
The lands to be included within the park extend from the river 
line to the top of the Palisades. So far only the quarry of the Man- 
hattan Trap Rock Co. has been taken over and closed, but nego- 
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tiations are proceeding for the acquirement of the other quarries 
along the river front. 

The future of the industry in this section is somewhat unsettled. 
It is not unlikely that new quarries may be opened on top of the 
ridge and in the interior of Rockland county, though the facilities 
for production and shipment in that section can scarcely be equal 
to those of the present localities. 
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STRONTIUM 


The principal strontium minerals are celestite, the sulphate, and 
strontianite, the carbonate; both are clear, transparent or translucent 
white substances that resemble the corresponding barium compounds. 
They are found in veins, geodes and concretionary masses, usually 
in limestone country and frequently associated with calcite. Baryto- 
celestite is a mixture of the sulphates of barium and strontium. 
Unlike barite, celestite finds little employment in its natural state, 
but is used for the preparation of other salts. 

The strontium compounds have rather limited applications in 
industry. Until recently they have not been in large request and 
most of the requirements have been supplied by imports from 
abroad. The chief commercial salt is the nitrate which is consumed 
mainly in the manufacture of fireworks and night signals, being 
employed to produce the red color that is characteristic of strontium 
compounds when heated to incandescence. Recently a demand has 
developed for the hydroxide in connection with sugar refining, 
particularly in the beet sugar industry, of which the use is said to 
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effect an increased extraction of the saccharine content of molasses 
over the usual methods. This application may result in a more 
_ extensive demand for the compounds, of which the normal consump- 
tion in this country is said to amount to about 2000 tons a year. 

Occurrence. Strontianite, the carbonate, is found in the vicinity 
of Schoharie. The single deposit that has been worked lies 2 miles 
north of Schoharie village on the face of Terrace hill, within sight 
of the road leading to Schoharie Junction. The occurrence is said 
to have been found by John Gebhard, who also established the 
presence of strontium minerals in several places in the vicinity. 
It consists, so far as can be learned at the present time, of a fissure 
in limestone which carries geodelike masses of white strontianite. 
The mineral resembles white compact calcite or marble in appearance. 
The deposit was worked in a small way through a drift extended 
from the hillside at the base of the cliff, and the product lowered in 
buckets on a wire cableway. ‘There is no record available as to the 
Success or extent of the operations. 

The occurrence of strontianite with barite is reported also in 
the limestone strata east of Schoharie village. According to an 
early account of the Schoharie deposits by Prof. C. U. Shepard’ 
it would appear that several forms of the mineral are to be found 
in this vicinity, including well-developed crystals of variable habit. 

A mixture of some strontium mineral (perhaps strontianite) with 
calcite, possibly barite, pyrite and more or less clayey matter forming 
nodular masses of varying size, is to be seen in the Brayman shales 
as exposed along the west side of Schoharie creek, on the John 
Gebhard place. The locality has been prospected in a small way 
for pyrite; but the occurrence of the strontium minerals seem to 
have escaped notice. The mixture of the different substances is 
so intimate that the character of the strontium compound is not 
readily apparent, although it is present in sufficient proportions to 
give a red flame where a piece of the material is moistened with 
acid and heated over a burner. Further investigation of the occur- 
rence is to be made. 

Celestite, according to Grabau’, occurs in the Rondout waterlime, 
east of Schoharie village. A deposit of blue gray celestite in 
tabular crystals has been obtained in considerable abundance from 
the waterlime in the cliff east of Schoharie. Loose specimens are 
found in the stone fences and may be recognized by their color, 
crystal form and great weight. The mineral was examined by 


1 Amer. Jour. Sci., v. 27, I 


2 Geology and i als 3 the Schoharie Valley, N. Y. State Museum 
Bul. 92, p. 360-61, 1906. 
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Dr V. J. Chambers of Columbia University, who found it to be 
strontium sulphate, with some barium sulphate admixed. From 
this analysis it appears that the mineral is in reality barytocelestite. 

The Schoharie occurrences seem to deserve investigation as 
possible sources of strontium minerals, if these should come into 
considerable demand in the future. 

Celestite has been noted at Starkville, Herkimer county and in 
several localities in Jefferson county, notably at Brownville, Depau- 
ville, Chaumont and Theresa. It occurs at the Rossie lead mines 
in small amounts in association with calcite. At Lockport it is 
found as crystals in geodes with calcite, dolomite and gypsum, 
inclosed in the Lockport dolomite. It is not likely that any of 
these occurrences have commercial interest. 


TALC 


Talc occurs in important deposits and for many years has been 
actively mined in the State. The principal supply of the mineral 
has been obtained from the Edwards district, St Lawrence county, 
where the deposits occur in crystalline magnesian limestones of 
Precambrian age, which also are the sources of the newly developed 
zinc ores. The district includes the belt of limestones that extends 
from Sylvia lake, town of Fowler, into and across the adjoining 
town of Edwards, with an area of some 20 square miles. A second 
parallel belt of the limestones to the south, extending into Lewis 
county, contains a deposit of talc in the vicinity of Natural Bridge 
which has been under exploitation in recent years. 

The talc industry during 1917 and 1918 showed a continuation 
of the favorable market conditions that obtained in the preceding 
years, stimulated by the widespread industrial activity and by the 
necessity of utilizing the domestic product in the place of foreign 
grades which previously had been freely imported but of which 
shipments in the last year or two have been greatly curtailed. In 
the same way the diminished importations of white clay for coating 
papers has enlarged the field for grades of talc applicable to that 
use. The fibrous tale of St Lawrence county occupies a special 
place in the paper industry by reason of its physical texture. 

The production of the tale mines in 1917 showed a decline from 
the record total of the previous year, for which local conditions, 
and especially the inadequate labor supply, may be held responsible. 
The output in 1917 was 74,671 short tons, valued at $881,462, as 
compared with 93,236 tons valued at $961,510 in 1916. In 1918 
the production amounted to 71,167 short tons valued at $902,100. 
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The average selling price based on the above figures was $12.68 a 
ton in 1918 as compared with $11.81 a ton in 1917 and $10.30 in 1916. 

Altogether the output of talc in the State has amounted to about 
1,950,000 tons, valued at $16,500,000. Shipments began to assume 
importance about 1880, but talc was mined on a small scale before 
that date which, however, marks the inauguration of continuous 
mine operations in the Edwards district. 


Production of talc in New York 
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Nature of talc. Talc is a hydrated magnesian silicate, which in 
pure state contains: silica 63.5 per cent, magnesia:31.7 per cent and 
water 4.8 per cent. The mineral is both a primary deposit from 
solution and a secondary product resulting from the alteration of 
an anhydrous magnesian silicate of the amphibole and pyroxene 
groups. Primary talc shows crystal properties, occurring as flakes 

_and scales that have well defined physical characters, and chemically 
is close to the theoretical percentages demanded by the formula. 
Secondary tale frequently preserves the structure and habit of the 
parent substance, so that its form is without significance in regard 
to its own crystal development, and it is often admixed with 
impurities that were contained in the primary silicates. 

The tale in the Edwards district is principally secondary and 
pseudomorphic talc, derived by alteration of tremolite whose physical 
structure is still retained. The talc occurs in small elongated to 
squarish particles, made up of many parallel fibres; and these 
fibrous aggregates are intergrown so as to constitute a solid mass 
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of schistose appearance. To the unaided eye the rock appears 
homogeneous, but when examined more carefully with the aid of 
the microscope it is usually observed to contain more or less residual 
tremolite that has not succumbed to the alteration process. The 
conversion of tremolite to talc requires one molecule of water for 
each tremolite molecule. It is, however, not simply a process of 
hydration, since the tremolite contains about 13 per cent lime (C,O) 
which is discharged from the combination and becomes free to 
associate with any available acid radical. 

Foliated or crystal tale is present to a minor extent in most of 
the occurrences in the Edwards district. It occurs in seams and 
other openings, where it has been deposited doubtless by waters 
circulating through the deposits, to which the conversion of tremolite 
into the fibrous mineral is ascribed. That some of the talc should 
be taken into solution and reprecipitated apart seems only natural. 
In one mine (Balmat) the two varieties occur in contiguous layers, 
the foliated talc forming a seam on the hanging wall, unmixed with 
the fibrous mineral. 

Massive talc that has no definite structure or texture is the variety 
found at Natural Bridge. It appears homogeneous and dense in 
the specimen, but microscopically is an aggregate of minute grains 
and scales whose precise character is not always apparent. The 
product of this locality is probably a mixture of several minerals 
of secondary nature, including serpentine, chlorite and kaolin, as 
well as tale. Its derivation is uncertain, as no traces of the original 
anhydrous minerals were to be seen in the many samples that have 
been examined. | 

Analyses of New York talc 
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1, 2 Fibrous tale, Edwards district, Dana’s System of Mineralogy, p. 679. 

3 Fibrous talc, Edwards district, N. Y. State Mus. 49th Ann. Rep’t, v. 2, p. 670. 
4 Fibrous talc, Talcville, Edwards district. Communicated by A. McLintock. 

5 Massive talc, Natural Bridge, R. W. Jones. 
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Methods of occurrence. The talc deposits consist of bands, 
lenses and irregular masses enclosed by the Grenville limestones 
and schists. One or both walls may be limestone; but in some 
deposits the talc is bordered on one side by unaltered tremolite 
schist, the line of demarcation between the two materials being 
well defined. They are not veins, except as that name may be 
applied to the small bodies of foliated talc that fill openings within 
the other, but represent portions of the tremolite schist that have 
been subjected to alteration underground through the agency prob- 
ably of deep-seated circulations. It is certain that the talc is not 
a product of surface weathering. 
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Generalized section of the Edwards tale deposits 


The individual deposits conform in structural features with the 
wall rocks, having usually a northeast-southwest trend which is 
that of the limestones but showing minor plications and crumplings 
and small faults seldom observable in the limestone. The dip of 
the deposits is to the northwest at angles that usually lie between 
30° and 60°, but which occasionally reach nearly verticality. It 
may vary extensively in the same deposit, through the presence of 
tolls by which the dip changes abruptly with more or less regularity, 
and through the gradual steepening of the inclination with depth. 
which is a common experience. 

The lenticular form of deposit seems most common, though every 
variation from the type may be found. The thickness of the deposit 
from wall to wall seldom exceeds 30 to 4o feet, while the dimensions 
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along the strike and dip are measured usually by hundreds of feet. 
The thickness is greatest ordinarily near the middle of the deposit 
as seen on the surface and gradually diminishes in either direction. 
The extent of the deposits on the dip is unknown, but exceeds the 
depths attained by mining up to the present time, which are about 
700 feet in the deepest shafts, measured on the plane of the dip. 

The tale bodies are distributed mainly along the borders of the 
limestone area, in the section from Sylvia lake to Edwards. Although 
they occur rather irregularly, most of the deposits may be grouped 
into two main belts extending northeast-southwest parallel with the 
limestone-gneiss contact. One of these is in the southwestern end 
of the district and on the southern margin of the limestones. Within 
it lie the Balmat, Wight and Arnold mines, of the former Union 
Tale Co., recently operated by the International Pulp Co., and the 
mine formerly worked by the Ontario Talc Co., also the shaft and 
prospects on the property of: the Dominion Co., near Sylvia lake, 
northwest of the Balmat. This belt is about 3 miles long and the 
tale occurs within a short distance of the gneiss foot wall which 
here consists of a dark amphibolitic rock that is injected by red 
granite. The second belt is northeast of the first and on the 
opposite side of the limestone area; the strata here dip below the 
gneiss, which also is an injected type, and contain the mine of the 
Uniform Fibrous Tale Co., on the Oswegatchie river below Talcville, 
the old United States mine at Talcville, and the several openings 
of the International Pulp Co., including Nos. 23, 3, 4 and 5, in the 
stretch between Talcville and the first mile northeast of that village. 

It is not uncommon to find two or more layers of the talc, in over- 
lapping arrangement. As many as four parallel layers are known 
at a single locality, separated by intervals of unchanged tremolite 
and of limestone. In the exploitation of the deposits it has been 
found that the pinching out of a body as it is followed along the 
strike or dip may be accompanied by the appearance of a second 
layer in the hanging or foot wall which can be tapped by a short 
cross-cut. 

Mining practice. Mining is carried on underground, although in 
the early days open-cut methods were in use on the outcrop of the 
deposits. The general practice in the district does not differ materi- 
ally from that followed in working ore deposits that are similarly 
situated, though of course the soft and slippery nature of the material 
necessitates certain modifications, especially in regard to pillar 
supports which have to be of large size. The workings are reached 
through inclines carried down on the footwall. If the bed is not over 
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15 feet or so thick, a single horizontal drift is run from either side 
of the incline following the strike, at intervals of from 50 to 75 feet. 
The drift is carried the full width of the bed and connections made 
by raises with the next level above; after which the talc is removed 
between the levels, leaving pillars 25 feet or more square, at intervals 
varying with conditions, to support the roof. With a bed of greater 
thickness two parallel drifts may be run on the same level, leaving 
a wall of talc between for support. Heavy pressure on a pillar is 
liable to bring about its collapse by dislocation at the top or base, 
especially as there is often a gouge or narrow parting on the one 
side or the other of the talc. 

Drilling is performed by machines of the percussion type and the 
holes loaded with dynamite. The talc splits readily along the 
cleavage planes, following the schistosity of the original tremolite, 
so as to form slabs which if too large to handle are broken up by 
sledges. The broken rock is loaded into cars and trammed to the 
incline, where it is dumped into skips and hoisted to the surface. 

The principal drawback to mining is the considerable and often 
large flow of water that is invariably encountered, the handling of 
which necessitates extensive pumping equipment. The water per- 
colates more or less all through the walls, but the main flow is usu- 
ally from open seams which are encountered in the extension of the 
drifts and which represent faults or crush zones that extend into 
the country rocks so as to admit of extensive and deep circulations. 
The water is of surface origin but may be collected from a large 
area. If the flow is excessive — beyond the capacity of the pumping 
equipment —.the best plan seems to be to wall up the chamber in 
which it is encountered. 

There is no uniform practice in selecting or grading the talc before 
it is sent to the mill. In most mines the foliated tale forms such a 
small percentage of the whole that it does not affect the quality of 
the ground product. Certain mines of the southwest end in the 
town of Fowler yield considerable quantities of the crystal talc, 
which is kept apart and shipped separately for making special 
grades of ground talc. It produces a very soft smooth product, 
lacking the fiber of the more common variety. The attention of 
the mine workers is directed to the extraction of as little of the 
unaltered schist and of the gritty talc as possible, and where prac- 
ticable such material is left in the walls and pillars. Besides tremo- 
lite there is often more or less free quartz in the fibrous talc. The 
presence of grit is particularly objectionable in paper stock on 
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account of the incidental wear and damage in the rapid operations 
of paper manufacture as carried on in most mills. 

Many of the mines are owned independently of the operative 
companies, to whom they are leased on a royalty based on a 
specified amount per ton and requiring the extraction of a certain 
minimum tonnage each year. The royalties vary rather widely, 
but in every case are rather high for a low-priced product like talc, 
of which the cost of preparation is proportionately high. The royal- 
ties on some properties run as high as 75 cents a ton; and the lowest 
reported are around 25 cents a ton. 

Milling. The reduction of talc to the degree of fineness ordi- 
narily required of the product is a simple but not inexpensive process, 
which requires an extensive equipment of crushing and grinding 
machinery. Talc is one of the softest minerals known, yet in the 
natural state possesses a degree of cohesion and toughness which 
renders its comminution no easy matter. This is true in regard to 
both the felted fibrous variety and the foliated talc; massive talc 
may be more easily pulverized. 

In St Lawrence county processes now employed have been gradu- 
ally evolved from experimentation extending over a long period of 
years. The first output was ground in buhrstones, like those 
employed in grain mills. The demands of consumers have necessi- 
tated the adoption of more elaborate methods that can be depended 
on to yield the desired quality and uniformity of grade. 

Practically all the output is ground in the district by milling 
plants situated along the Oswegatchie river, which supplies most 
of the power thus used. They are distributed along the river from 
Talcville, 2 miles below Edwards, to Hailsboro, 3 miles above Gouv- 
erneur. Altogether the mills have a combined capacity of nearly 
100,000 tons of prepared talc a year; but the full capacity has never 
been continuously employed. 

The grinding of the talc is accomplished in several stages. The 
process varies with each mill, as there is no standard practice further 
than that the final stage is always carried out in revolving cylinders 
loaded with pebbles. The first step is to break the lump tale in a 
crusher to about 13 inch size; for this a jaw crusher may be employed. 
The product then is reduced to one-half of an inch or less in size 
by rolls, after which it is ready for grinding, which is performed by 
two stages. In the first a wide choice of apparatus is exemplified 
by the different plants—the equipment including buhrstones, 
centrifugal grinders like the Griffen mill and conical pebble mills. 
The talc is then passed through a bolt of about 60-mesh and is ready 
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for the finishing or final stage, in which revolving cylinders are used. 
The Alsing cylinder has the preference in most of the installations, 
although in the later plants the equipment consists of tube mills. 
The difference is mainly one of size. The cylinder is from 8 to 10 
feet long and 6 feet in diameter, turned 20 to 25 times a minute. 
It is loaded with 1 ton of talc and 3 tons of pebbles. The grinding 
operation lasts 2 to 5 hours, depending upon the degree of fineness 
that is required. The cylinder is idle for the time necessary to 
charge and discharge it; the tube mill is of the same general pattern 
as that employed in the reduction of cement materials and its opera- 
tion does not differ materially in the present case from that in ordi- 
nary practice, but the tube must be lined with a material free of 
iron to prevent contamination. It has a decided advantage over 
the cylinder in its continuous feed and discharge, but it is not so 
easily regulated to give the desired finish to the product. 

Two tube mills arranged in tandem, so that the discharge of the 
first goes to the second, may be used for the entire grinding opera- 
tion, the first mill taking the place of buhrstones or the centrifugal 
grinder. 

The product obtained by grinding of the fibrous talc is an impalp- 
able powder called mineral pulp; under the microscope the particles 
still show the fibrous texture of the original. For paper filler and 
for most other purposes uniform fineness is highly desirable. The 
color should be as nearly dead white as possible; freedom from hard 
particles like quartz is another factor which is important in grading 
the tale. The product of the Edwards district is notably free of 
discoloring impurities and compares favorably with the talc from 
any other source in that respect. A little grit is present in most 
of the fibrous talc; less of it in the foliated variety. Unaltered 
tremolite and quartz are the sources of the grit. 

A coarser grade of talc known as buhr stock is made from the 
fibrous talc by omitting the last stage of grinding in the tube or 
cylinder mill. This has a distinctly fibrous appearance and feel, 
the grinding being carried only so far that the material is thoroughly 
shredded. Buhr stock supplies the place of asbestos in the manu- 
facture of insulating materials. 

The ground tale is put up in so0-pound sacks and 200-pound 
burlap bags for shipment. 

Uses. The paper trade is the largest consumer of ground talc, 
and its requirements have determined more or less the course of 
technical development in the district. Talc functions as a filler 
chiefly, but adds other desirable qualities to paper. In its pliancy 
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and strength talc is superior to most other minerals used for the 
purpose. The following statement is quoted from an article by 
_ J. 5. Diller in Mineral Resources for 1912. ‘‘ Talc in paper effects 
a more uniform distribution of the moisture, improves the polishing, 
rolling and cutting as well as the strength of the paper.” It is 
certain that a still wider demand for it would develop in the paper 
trade if a method was found for removing the hard particles which 
adhere more or less to the talc through all the stages of grinding. 
One of the main objections to grit is the wear it involves upon 
certain parts of the paper machinery. 

Next to-the paper trades, the manufacture of rubber probably 
consumes the largest amount of ground tale. It is an ingredient 
of rubber goods of many kinds, in which it may be admixed in large 
proportions. 

The minor uses of talc are legion. It is employed in water-proof 
paints and distempers; also as an adulterant of metallic pigments 
in which of course it functions as an inert diluent. Wall-plasters 
are prepared with coarsely ground fibrous talc in the place of wood, 
hair or asbestos fiber. It finds employment in the manufacture of 
cement blocks and artificial stone, for use in electric stations and 
their equipment, also as an ingredient of the covering of electric 
wires. When free of iron it is a non-conductor of electricity. It 
is likewise a good heat insulator and consequently may be employed 
advantageously for steam pipe and boiler coverings. It is employed 
in some kinds of glass to give a clouded non-transparent effect. 
On account of its slippery quality talc makes a useful antifriction 
substance that is employed in a number of ways, including the 
lubrication of machinery for which it takes the place of graphite. 
As an ingredient of foundry facings its smoothness and heat resistance 
are turned to advantage. Among other uses that may be named 
are the cotton sizing and bleaching industries, the dressing of leather, 
fire-proofing of wood and the preparation of cosmetics, and medicinal 
articles. There are few minerals that compare with tale in its 


manifold applications and the number of the latter would be greatly © 


increased if recognition were given to the massive variety which is 
widely employed in an unground state. 

Mine developments. Altogether there are nearly 20 mines and 
prospects in the Edwards district that have engaged attention 
at one time or another. The greater number of these are in the 
northeastern section near Talcville. Here are located the mines of 
the former United States Talc Co., the Uniform Fibrous Talc Co. 
and some of the properties of the International Pulp Co. In the 
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middle part of the district near Fullerville is the mine that has 
been worked until recently by the Ontario Talc Co. who suspended 
operations with the loss of its mill by fire. On the southwestern 
end of the district are the Arnold, Wight, Balmat and the property 
recently prospected by the Dominion Company. The Balmat and 
Wight mines are operated by the International Pulp Co. who also 
at one time worked the Arnold mine now held by the Basco 
Corporation. 

One of the principal producers of talc in the district has been 
No. 23 mine at Talcville. This is located on a seam of tale which 
lies on the north side of the limestone belt not far from the granite 
contact and which has been opened in the United States mine and 
probably has its continuation in Nos. 3, 4 and 5 mines northeast 
of Talcville. The mine is opened by an incline shaft which has now 
reached a depth of over 700 feet on the dip. The seam ranges from 
4 or 5 feet to 30 feet in thickness. It starts at the surface with 
an inclination of 45° northwest and steepens at the 600-foot level 
to 80° which dip is maintained to the bottom. The body of talc 
shows numerous rolls and at times pinches down to a narrow seam 
particularly at the northeast end where the seam swings around 
to the north probably owing to a fold. On the hanging wall the 
tale is bordered by hard tremolite schist within which there is more 
or less talc and this in turn is succeeded by limestone. The granite 
contact is about 1500 feet distant to the northwest. A considerable 
flow of water has been encountered in the workings particularly 
at the 500-foot level. The water seeps in from the walls and along 
narrow fissures or joints and may come from a considerable distance 
as it does not seem to be influenced by the changes of level in the 
river close by. The product of this mine is fibrous stock, with 
practically no admixture with the foliated variety. 

The outcrop of the talc seam disappears a little distance northeast 
of No. 23 mine where the ledge is succeeded by an alluvial flat 
which apparently represents a buried stream channel. Beyond this 
flat the ledge reappears and has been opened by No. 3 shaft which 
is not in operation .at present but has been a considerable producer 
of talc in earlier years. Next to this mine is No. 4 which is one 
of the active properties of the International Pulp Co. This mine is 
also opened by an incline shaft and has reached a depth of over 
400 feet. The levels have an extreme length of goo feet. Two 
seams of talc are exposed in this vicinity with a parting of tremolite 
schist. On the hanging side of the talc is hard schist, then limestone 
and finally granite. On the footwall of the talc there is in places 
a soft clayey seam a few inches wide which is soaked with water. 
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No. 5 mine next northeast to No. 4 has been closed down for 
several years. 

The mine of the Uniform Fibrous Talc Co. is situated just west 
of Talcville on a slight prominence known as Wintergreen hill. It 
is opened by a shaft close to the Oswegatchie river. This company 
began operations in 1911 and the mine is practically a new develop- 
ment from the surface. The deposit appears to be nearly in the 
same horizon as that defined by the United States and No. 25 mines 
at Talcville. The shaft is vertical for the first 90 feet then follows 
the northwest dip of the talc. The body is said to have a width 
in places of 30 feet or more and yields a white fibrous tale. The 
mill is situated close to the mine and both are operated by electric 
power obtained from the company’s hydro-electric station on the 
west branch, above its junction with the east branch of the Oswe- 
gatchie river. 

The mine formerly worked by the Ontario Talc Co. is located 
about 1 mile below Fullerville on the west branch. A shaft 
follows the seam of tale which dips at an average of 45° northwest 
and in most parts ranges from 12 to 18 feet in thickness. The tale 
is mostly of fibrous nature although carrying some of the foliated 
variety and is of a good white color and soft texture. The foliated 
tale occurs segregated in bunches and small seams within the main 
body. On the footwall side the division between the tale and the 
wall rock is well defined but on the hanging side the talc quite 
frequently makes off into the country rock and the offshoots when 
followed may open up into considerable bodies. The product of 
the. mine was ground at a mill situated at Fullerville which was 
destroyed by fire in the later part of 1917 since which time the mine 
has been idle. 

The Arnold mine in the southwestern section was one of the 
properties formerly worked by the Union Tale Co. It was later 
taken over by the International Pulp Co. and in 1917 came under 
the control of the Basco Corporation which recently entered the 
district. 

The Wight and Balmat mines have been quite actively worked 
despite their unfavorable situation which necessitates a haulage 
of several miles to the mills which are situated along the Oswe- 
gatchie river. The Balmat mine in fact is one of the principal 
mines in the district. It is worked through an incline shaft which 
starts from the surface at an angle of 27° but steepens toward the 
bottom. The largest levels are about tooo feet and the seam 
measures 30 to 4o feet from wall to wall in widest part. On the 
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hanging side there is from 6 inches to 3 feet of soft foliated talc 
which in appearance and texture shows strong contrast with the 
fibrous talc of the main body. This foliated talc is sorted and 
ground separately, producing a very soft white product which finds 
special uses. 

The holdings of the Dominion Co. join the Balmat mine on the 
northwest. Some development work has been done on the property, 
but active production will be postponed until a mill is erected for 
milling the product. 

Natural Bridge. Outside of the Edwards district the only con- 
siderable production of talc in recent years has come from the 
vicinity of Natural Bridge, Lewis county. The St Lawrence Talc 
Co. has developed a new mine from which it has already produced 
a considerable tonnage. Natural Bridge lies in an independent 
belt of the Grenville limestone that parallels the Edwards belt a 
‘few miles to the south. The first output was made in the year 
1911. The tale from this locality differs from the characteristic 
Edwards product in that it has a massive appearance, or at most 
shows a granular habit never fibrous or coarsely foliated. The 
color of the material mostly is grayish with some greenish inclusions 
which apparently are in part serpentine and in part a chloritic 
mineral. Under the microscope the material resolves itself into an 
aggregate of finely divided scales which are bunched in more or 
less distinct groups that assume at times a prismatic outline and 
again are quite irregular. There is some indication of the former 
presence of amphibole and pyroxene minerals but the alteration 
to hydro-silicates has proceeded more completely than is usually 
the case in the Edwards district. 

The product of this mine is ground locally in a mill erected by 
the company for the purpose. The methods of milling are closely 
similar to those used in the Edwards district. The output of ground 
talc has been employed to some extent for paper; it is mainly sold, 
however, for special uses. 
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ZINC 


Zinc ores are mined in two separate regions or districts: in the 
vicinity of Edwards, St Lawrence county, on the west side of the 
Adirondacks, and in the Shawangunk mountain region of Ulster 
and Sullivan counties. 

The first of these, the Edwards district, began active shipments 
of blende in 1915 and has been a continuous producer since then, 
with an annual output which places it among the leading sources 
of zinc ore in the eastern part of the country. The output so far 
has been contributed by a single enterprise, the Northern Ore Co., 
whose property just outside of Edwards village embraces several 
ore bodies within a single zone of Precambrian (Grenville) lime- 
stone. Some to or 12 other ore localities are known in the district 
and the prospects are encouraging that additional undertakings 
will be established in the near future, as success has already been 
achieved by the original enterprise. In fact the development of 
an ore body is now (1918) under way in the vicinity of Talcville, 
southwest of Edwards by the Dominion Co. of Gouverneur, with 
such good results that the company looks forward to the inauguration 
of active mining during the current season and probable production 
of furnace ore in sufficient quantity to warrant shipment, as the 
ore contains less pyrite than the average for the district. At Edwards 
all the mine output is sent to the mill for concentration and separation 
of the admixed pyrite. 


In the Shawangunk region the old mine near Summitville, Sullivan 


county, was reopened in 1917; a mill was installed on the property 
and work in the mine carried on for a part of the year. The St 
Nicholas Zinc Co. is the name of the new enterprise. The mine at 
Ellenville, 6 miles northeast of Summitville, was unwatered for the 


purpose of investigation of the possible ores in reserve, but was not 


put in operation during the year. This property is equipped with 
mining and milling machinery of quite modern type, as it was 
worked as late as 1903-4 and the equipment is still on the ground. 
The mine near Guymard, Orange county, on the southwest end of 
the Shawangunk range was also under inspection. The workings, 
which are reached by a vertical shaft 360 feet deep, were drained 
down to a depth of 165 feet, but as no considerable quantity of 
ore was found to have been left in the upper stopes, contrary to 
expectations, the plan of reopening the mine was abandoned after 
incurring a heavy outlay for equipment. The mine is said to have 
produced about 10,000 tons of smelting ores (lead and zinc) in the 
period from 1863 to 1870 when operations were discontinued. The 
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deposit was mined clean, at least to the depth attained in the recent 
unwatering, and it would appear that the only chance for reviving 
production lies in the possibility of ore at the bottom, below 360 feet 
depth. It is of course doubtful if the supply encountered at the 
bottom would warrant the heavy expense of unwatering and 
reequipping the property with permanent mine and milling machinery. 

A brief resumé of the features relating to the distribution of zinc 
ores in the State are given herewith. In connection with the 
Edwards district attention may be called to the recent reports on 
the geology and economic conditions of the ore occurrence, listed 
at the end of the chapter; the notes that follow refer more particu- 
larly to the later progress of mining developments in the district. 


THE EDWARDS DISTRICT 


The Northern Ore Co., after 3 years of continuous exploitation 
of the deposits near Edwards, is increasing its mine and mill equip- 
ment. To facilitate the deep development of the ore zone, a vertical 
shaft has been put down on the hanging side, to the west of the 
outcrop, which will be used in carrying on operations below the 
soo-foot level. It has already been carried to a depth of goo feet, 
and as soon as connections with the drifts are made will be employed 
for hoisting. The Williams shaft on the north end has been extended 
700 feet along the ore and will soon be in active use. It has been 
equipped with a new surface plant. This shaft follows an inde- 
pendent ore body, which like those opened to the south is in the 
nature of a lens or shoot whose longer axis is along the dip. The 
mill produces both blende and pyrite concentrates, the latter being 
shipped to acid burners. 

The exploration of the Rhodes or Adelbert Freeman farm near 
Taleville by the Dominion Co. has revealed high-grade ore which 
is sufficiently free from pyrite to permit its shipment in lump form. 
The present development is on an isolated ridge which lies within 
the limestone valley and which is made up of impure limestone, 
carrying large amounts of serpentine and tale. The exploration 
of the ore has been carried on mainly through an abandoned talc 
shaft. From 4 to 6 feet of blende, assaying 42 to 52 per cent zinc, 
was cut at 75 feet depth. At the surface the ore was about 4 feet 
thick. Southwest of this locality, about 500 feet across the summit 
of the hill, a second showing of ore has been uncovered at the surface, 
but its relation to the first is not yet clear. If it should prove to 
be a continuation of the same vein the deposit would have the 
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form rather of a vein or a band than the usual lens characteristic 
of the district. This would also be a favorable condition for mining. 
In the shoot or lens type of deposit, the levels are short and there 
is need for constant development to keep the ore supply ahead of 
the progress of extraction. 

The Edwards district represents a type of ore occurrence that 
is not at all common among the productive mining districts of the 
country and for that reason the progress of operations has been 
attended with more than usual interest. In its broader features 
of geology it finds some analogy in the remarkable occurrence at 
Franklin Furnace, N. J., inasmch as the country rocks in both 
instances are Precambrian metamorphic limestones and the ores 
themselves seem to have been accumulated in the earliest times. 
The ores and their immediate mineral associates, however, differ 
very markedly in the two occurrences and there are other points 
of contrast that make the comparison of remote value. 

The district proper comprises a belt of crystalline limestone which 
is partly included within the Gouverneur sheet recently published 
by the United States Geological Survey, one of the several areas of 
similar limestones that border the Adirondack highland on the 
northwest side. The limestone is of early Precambrian age, belonging 
near the base of this oldest of geological groups and has been thor- 
oughly recrystallized as a result of regional and igneous metamorphism 
within Precambrian time. The zinc ore is accompanied by many 
silicate minerals like tremolite, diopside, talc and serpentine, which 
are directly or indirectly the products of the recrystallization of the 
calcareous beds and largely formed before the zinc blende itself was 
introduced. A study of the mineral characters and of the phenomena 
of the ore deposition has recently been completed by C. H. Smyth jr, 
and published as part of the investigation of the district conducted 
by the State Museum (see list of references appended to this article). 

It would appear that the explanation of the derivation of the 
ores most in accord with the observed data involves replacement 
rather than deposition in open spaces and that this replacement 
was effected during a period when the limestones were deeply 
covered, probably by several thousands of feet overlying rock. The 
agency operative in the process was hot water which carried iron 
and zinc in solution and as they attacked the limestone and the 
Silicate minerals deposited the metallic sulphides in their place. 
An invading body of granite, the last of the deep seated magmas 
that forced its way into the Grenville formations, doubtless had 
an effective part in stimulating the ore-forming process if it did not 
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supply the mineralized solutions themselves. The main feature of 
economic interest in the discussion of origin is that the Edwards 
ores are not surface accumulations or shallow-vein deposits and 
that any part of the limestones which have escaped erosion may be 
. considered as possible ore-bearing ground. Thus the progress of 
mining in depth should not be accompanied by any marked change 
of character in the ores, or in the possibilities of ore occurrence so 
long as the limestones themselves continue. 


THE SHAWANGUNK ZINC DEPOSITS 


The revival of interest in the Shawangunk zinc belt has indicated 
the need for a study of the ore occurrences of which the only available 
information is to be found in the brief notes by Mather and Beck 
included in their reports of 1842 and 1843, at the time the first 
mining was in progress. It is hoped such study may be undertaken 
in the near future. Meanwhile, the present account has been 
prepared from the observations made during a brief visit to some 
of the recently reopened workings, prompted by the current interest 
in the subject. 


Shawangunk 
Grit 


Unconformity 


Silurian 
Limestones 


< 


Sandstone hale Slate 


Generalized section across Shawangunk mountain 


General features. The Shawangunk mountain is a single ridge 
which in its development in New York State extends from Port 
Jervis on the Delaware river northeast to High Falls, 10 miles 
southwest of Kingston on the Hudson. It is physically a continua- 
tion of Kittatinny mountain of New Jersey and Pennsylvania, a 
part of the Appalachian system. The mountain faces the Catskill 
plateau from which it is separated by a deep valley that is drained 
in part by Rondout creek into the Hudson and in part by the 
Neversink which flows into the Delaware. Its slope on this side 
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conforms mainly with the dip of a hard quartzite and quartz 
conglomerate, the Shawangunk grit of Silurian age which disappears 
in the valley below limestones of the higher Silurian and Devonian 
formations that likewise are upturned. As Darton states,! “‘ The 
mountain consists of a widely extended sheet of Shawangunk grit 
lying on soft Hudson River shales. This sheet lies in a gently west 
dipping monocline which is corrugated by a series of gentle longi- 
tudinal folds. To the westward it dips beneath shales and limestones 
of the succeeding formations in the Rondout valley; to the eastward 
it is terminated by long lines of high precipices surmounting steep 
slopes of Hudson river shales.’”’ The monoclinal attitude of the 
formations, as seen from the northwest edge, represents probably 
the single wing of a broad anticline, of which the larger part has 
been eroded off, but of which the southeastern limb is found in the 
Silurian and Devonian strata that reach in a belt from near Cornwall 
on the Hudson southwest to Greenwood lake and thence into New 
Jersey. The interval between the two parallel belts is about 20 miles 

Nature of deposits. The ores occur in fissures, brecciated zones, 
and along the bedding planes of the grit. Replacement of the 
latter by the ore-bearing solutions has taken place only to a very 
limited extent. The main occurrences are within fracture zones, 
developed no doubt by shearing and slight faulting of the beds 
during the uplift which came at the close of the Carboniferous period 
and resulted in the present folded arrangement. The actual fault 
displacements are slight but are indicated by the grooving and 
polishing of the walls of the fissures. 

The principal fracturing has been in a plane that crosses the 
strike of the beds and extends downward at a high or vertical angle. 
Differential movement, accompanied by fracturing, has taken place 
also along the bedding planes, and in one instance at least (Summit- 
ville) has resulted in a brecciated zone of considerable extent. 
Secondary alteration as an accompaniment of the fracturing is not 
marked, although there has been an infiltration of white vein quartz 
and impregnation of the grit by pyrite before the ore deposition 
took place. 

The ore bodies, as might be expected, are irregular in character, 
and their size and form are conditioned by the relative degree of 
fracturing which the wall rock has undergone. In places there has 
been a minimum of crushing, so that sulphides are restricted to a 
narrow band or group of individual stringers measured by inches, 
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and again the fracturing may extend over a width of many feet, 
with a corresponding enlargement of the deposit. The cross-fracture 
in the Ellenville mine shows extreme variation in this respect, 
ranging from a few inches to 15 or 30 feet in width. It would appear 
this quartzite has accommodated itself to stress by irregular, spas- 
modic movements, indicative of no definite mobility under the 
conditions, but on the other hand a great resistance to the crushing _ 
forces. thy 

The sulphide minerals do not appear to have replaced the quartz- 
ite to any extent. The fragments of rock embedded in the ore 
preserve their singularity and the contact line is abrupt. It is 
possible that some of the pyrite which occurs in disseminated crystal 
particles within the quartzite, as well as an ingredient of the ore, 
may have been deposited by such process, but the main bodies of 
sulphides bear little evidence of it. 

The introduction of the ores was preceded by extensive deposition 
of quartz, which constitutes the single important gangue material. 
It is a white or clear vitreous quartz frequently developed in good 
crystals. 

The ore. The metallic minerals are represented by sphalerite, 
galena, chalcopyrite and pyrite, and most of the ores are mixtures of 
these different materials. Sphalerite is the most abundant mineral 
as well as the chief element of value in the ores; but in the early 
days mining seems to have been directed rather to the extraction 
and saving of the galena. The latter fluctuates in its proportions 
and is much more uncertain in its distribution, having a tendency 
to occur in independent aggregates. Masses of galena are encoun- 
tered that are practically free of admixture, up to one-half of a ton 
in weight. Chalcopyrite also varies greatly in its occurrence and 
seems most abundant in the Ellenville mine, where it forms crystal 
aggregates in vugs, with vein quartz as a later deposit. 

The variation between the different components is so marked 
that .chemical analysis of samples gives little idea of the actual 
‘conditions in a large way. Only extensive sampling of the mines 
or actual runs can supply the basis for estimating the average con- 
tents of the ores in the different properties. In the Summitville 
mine of the St Nicholas Zinc Co. the preliminary sampling, as 
reported by Mr Kirby Thomas, showed the following percentages: 

Iron 3-54 


Lead 12.88 
Zinc 20.73 


MINERAL RESOURCES OF THE STATE OF NEW YORK 303 


Copper was not reported, but it is present in small amount in 
most samples. Silver was present to the extent of 2.25 ounces to 
the ton. 

The general inference as to the origin of the deposits from consid- 
eration of these features is that they were formed by underground 
circulations directed along the fissure zones and bedding planes of 
the sandstone. The tendency of the minerals to occur in crystal 
particles, the frequent occurrence of vugs, and extreme variation in 
proportions of the metallic ingredients may be noted. The source 
of the ore-bearing solutions and their character are matters which 
can not be discussed advantageously at this time. It may be noted, 
however, that there are no igneous bodies exposed in the vicinity 
and the only intrusions in southeastern New York that have taken 
place subsequent to the period of the formation of the sediments 
is the Triassic trap in Rockland county. The presumption that the 
waters concerned in the ore-deposition were shallow and supplied 
from the surface, comparable to the body of underground water in 
circulation in the beds at present, would seem to be most in accord 
with the general conditions. However, an interesting observation 
has recently been communicated to the writer by R. J. Colony with 
respect to the country rock, who found on examination of the sand- 
stone that it contained secondary minerals, evidencing the effects 
of metamorphism which are ordinarily ascribed to igneous agencies. 
The problem requires further investigation before it can be satis- 
factorily treated. 

The question of source of the metals is bound up more or less with 
the preceding one as to their carrier and solvent agency. Lime- 
stones are found to carry zinc and lead and they form the containing 
rocks for many of the large deposits mined throughout the world. 
_ They are more likely to have been the immediate source of the 
metals than the sandstone. There are two important areas of 
carbonate rocks in the region, one lying under the valley at the foot 
of the Shawangunk ridge, and composed of the Helderberg and 
Onondaga limestones, and the other the belt of Precambrian lime- 
stones of which no outcrop is to be seen in the immediate vicinity, 
but which occur to the southeast in the Wallkill valley as an exten- 
sion of the New Jersey belts. The former overlie the sandstones 
and the latter are separated from them by a considerable thickness 
of shales of the Hudson River group that outcrop on the eastern edge 
of the ridge and occupy a position below the Shawangunk beds. 
The nearest exposed area of the Precambrian series is several miles 
distant, but it is not improbable they may occur in depth within - 
easy reach of the ridge if not actually below it. 
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If the ore-bearing solutions were surface waters, the Helderberg 
and Onondaga limestones may well have been the gathering ground 
-and the sources of the metals. In this event the concentration 
would have been effected by descending waters. The other view 
of the matter, that the waters came from below, would involve 
deep-seated circulations and some stimulus in the form of igneous 
activity, of which there are some indications, as already stated, in 
the secondary minerals that occur in the sandstones. The evidence 
in support of either explanation, however, does not suffice at present 
to form an intelligent opinion in the matter. 

The great bodies of zinc ores at Franklin Furnace and Ogdensburg, 
New Jersey, are some 25 to 30 miles south of the Shawangunk 
district. They have the Precambrian limestones for wall rocks and 
have little in common in their mineral features with the present 
occurrences. 

“Mining developments. The principal operations in the district of 
recent date have been carried on at the locality near Summitville, 
Sullivan county, where mining has been revived in the last year or 
so by the St Nicholas Zinc Co. The deposit was worked rather 
extensively between 1830 and 1840, as appears from the description 
by Mather who refers to the operations at greater length than in 
reference to the other mines. At that time it was known as the 
Shawangunk deposit and the lead ore was treated in a local smelter 
at the foot of the mountain. It consists of a fracture zone, parallel 
or nearly so to the bedding of the grit, along which has been deposited 
secondary quartz and sulphides of zinc, lead, copper and iron. The 
vein appears to conform to the dip of the strata which follows the 
slope of the mountain but at a higher angle (about 35°). The vein 
ranges from a few inches to 3 to 4 feet thick. In places it gives an 
almost solid breast of ore, but ordinarily there is a good deal of rock 
intermixed. 

The present work thus far has been limited practically to the 
extension laterally of the old openings. These consist of an adit 
level 220 feet below the outcrop, measured on the vein, and a series 
of minor levels at intervals to the surface. The main drift measures 
400 feet on the course which here is about north-northeast. Enough 
ore was encountered in the old slopes to sustain operations for the 
first few months and it was believed by the engineers in charge, 
that the profits therefrom would repay the costs of the new equip- 
ment. The continuation of the ore in depth is the critical circum- 
stance on which the future of the enterprise will depend and there 
is little in the present conditions on which to base an opinion in 
regard ta the probabilities af the future ore supply. 
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The ore is brought down to the mill near the base of the ridge by 
an aerial tramway 1600 feet long. At the mill it is broken in a jaw- 
crusher and then goes to a ball mill for fine grinding, after which 
it is sent to a classifier and then passes over Wilfley tables on which 
the zinc and lead are recovered. 

The Ellenville mine is based on a vein in a cross-fracture of the grit. 
It has been a prolific source of beautifully crystallized specimens of 
sulphides and quartz which only partly fill the open spaces in the 
fracture zone. The vein is reached through a shaft near the base of 
the mountain with levels that extend into the mountain following 
the course of the vein, which is south 30° east. The dip is nearly 
vertical. The average width is perhaps 2 or 3 feet but the openings 
are occasionally 25 or 30 feet across, as stringers of ore make off 
into the walls along the bedding planes of the sandstone. There 
seems to be little ore left in the old stopes. The ore carries consider- 
able chalcopyrite as well as galena and blende. According to Mather 
the mine was opened about 1820 and was in operation in 1840 by 
the North American Coal & Mining Co. The principal output was 
in the years 1853-57 when the Ulster Co. worked the property. 
Operations were resumed for a brief time about r1904—s5 by the 
Ellenville Zinc Co. under whom a milling plant was erected that 
still stands on the property. In 1917 the Empire State Zinc Co. 
pumped out the shaft and did some prospecting. A second and 
parallel fracture zone occurs a little distance to the north which is now 
utilized by the Sun Ray Spring Co. as a source of mineral water 
for table purposes. There is an extensive circulation of water 
along the cross-fractures in the grit. 

The Guymard mine, just north of Guymard station and close to 
the Erie Railroad tracks, is based on a cross-vein in the grit which 
intersects the ridge in the direction S. 80° E., or about right angles 
to the strike of the beds. The deposit is said to have been discovered 
in 1862 and was worked actively from 1863 to 1870 by the Guymard 
Lead and Zine Co. which shipped the lead ore to Newark for smelting 
and utilized the zinc in making zinc oxide. The total ore shipments, 
lead and zinc, are reported to have amounted to nearly 10,000 tons. 
The mine was closed after 1870, except for a short period in the 
eighties. In 1917 Mr K. Farah became interested in the plan of 
pumping out the workings and reviving mine operations, but after 
lowering the water down to 165 feet the work was abandoned. 
Little ore was left behind in the old stopes, and the only possible 
resource would seem to be on the extension of the vein below the 
depth obtained in the former operations, which is said to be 350 feet: 
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The flow of water into the workings is extensive and the cost of pump- 
_ ing out the entire body down to that level would amount to a large 
sum. Samples of ore taken from the upper levels indicate a high 
percentage of galena, rather more of it than in the other deposits; 
but its general appearance otherwise is very similar to that found 
at the other localities. 

North of Guymard, near Otisville is a deposit once worked by the 
Washington Mining Co. It was prospected in 1906-7 by the Phoenix 
Lead Co. of Paterson, N. J., but no commercial operations were 
undertaken. Another locality for the occurrence of these ores is 
near Spring Glen, described by Mather as “ situated on the Shawan- 
gunk mountain about one mile east of Redbridge, and six or seven 
from Wurtsboro; at an elevation of 600 or 700 feet above the valley.”’ 
Work was carried on by the North American Coal and Mining Co. 
in 1838 and for sometime afterward, but it is not known what 
results were obtained. 


ZINC IN PALEOZOIC LIMESTONES 


A number of localities exist where sphalerite occurs in small 
amounts in association with bedded limestones, usually as a filling 
of small solution cavities or occupying joints and narrow fractures 
that intersect the strata. The Beekmantown and Trenton beds 
bordering the Adirondacks contain many examples of this association. 
The gangue is calcite and the blende is frequently accompanied by 
galena and pyrite. The ore not infrequently shows good values and 
would repay extraction if obtainable in quantity. 

Just west of Saratoga Springs, in an old limestone quarry, a vein 
of nearly pure sphalerite was to be seen a few years ago. The vein 
was perhaps 50 to 60 feet long and from a few inches to a foot wide. 
It was widest in the middle and gradually contracted toward either 
end, a typical ‘‘gash’’ vein. The sphalerite was of translucent 
light yellow color, low in iron and unmixed with pyrite. 

Near Salisbury Corners is an occurrence of sphalerite in Trenton 
limestone, filling solution cavities and fissures in the latter. The 
mineralization is more extensive than in the usual occurrences of 
the kind. The sphalerite is yellow and translucent to dark opaque 
and is associated with galena and chalcopyrite with calcite as gangue. 

Martinsburg, Lewis county, is listed as a locality for sphalerite 
with galena and pyrite. 

About 2 miles south of Sprakers Basin sphalerite of light yellow 
color is found in association with galena. 
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In the Niagara limestone of western New York sphalerite occurs 
in the lining of small cavities and in stringers, where it is accompanied 
by galena. The old Pike quarry near Rochester and the quarries 
near Lockport are localities of such occurrence. 
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Abrasive sand, 241 

Abrasives, 219 

Acme Cement Co., 41 

Adirondack province, 14 

‘Akron Natural Gas Co., 184 

Albany slip clay, 50 

Allegany Pipe Line Co., 205 

Almandite, 16 

Alpha Portland Cement Co., 41 

Alsen’s American Portland Cement 
Works, 41 

American Cement Plaster Co., 100 

American Garnet Co., 83 

American Glue Co., 83 

American Graphite Co., 85, 87, 89 

American Gypsum Co., 100 

Amphibole, 150, 152 

Amphibolite, 122 

Anorthosite, 14, 15, 251, 252, 255 

Apatite, 8, 15, 26-27, 106, 150 

Arsenical ore, 28-29 

Arsenopyrite, 17, 28 

Art wares, 64 

Asbestos, 30-32 

Attica Natural Gas Co., 189 


Barium, 20, 218 

Barnum, Richardson & Co., 138 

Barrett Manufacturing Co., 73 

Barton, H. H., & Son Co., 81 

Barytes, 33-35; references, 35 

Barytocelestite, 34, 218, 281 

Basco Corporation, 204 

Becraft limestone, 265, 272 

Bedford Feldspar Co., 76 

Beekmantown limestone, 250, 306 

Bertie waterlime, 96, 99, 172, 225, 
226, 263 

Biotite, 149, 151, 152, 153, 154 

Black River formation 173, 259, 260 

Black tourmaline, 153 

Bluestone, 277 

Borst, C. A., 131 

Bowlder clay, 52 

Brayman shales, 217, 282 


Brick, 51, 52, 54; building, 7, 9-11, 
47, 54; ornamental, 47, 49, 52, 54; 
‘manufacture, 50, 55 

Brick-making region, 49 

Brockton Gas & Fuel Co., 178 

Buena Vista Oil Co., 205 

Buffalo Cement Co., 166, 181 

Buffalo Natural Gas Co., 181 

Buffalo Pottery, 63 

Building brick, see Brick 

Building sand, 235, 236-39 

Building stone, 20, 247, 249, 251, 260, 
265, 266, 267, 270, 274 

Building tile, 52 

Burstones, 154 


Cady, J) .L.,..232 

Cady & Johnson, 232 

Cambrian limestones, 259 

Cambrian red slate, 157 

Camillus shale, 96, 225 

Canajoharie shales, 174 

Carbon dioxide, 35-36 

Catlin Oil, Gas & Mineral Cc., 194 

Catskill formation, 276 

Catskill series, 158, 197 

Cayuga Lake Cement Corporation, 42 

Cayugan group, 263 

Celestite, 218, 281, 282, 283 

Cement, 37-46; production of, 45; 
references, 46 

Chalcopyrite, 302 

Chateaugay Ore & Iron Co., 113 

Chazy limestone, 259, 260, 271 

Cheever Iron Ore Co., i10 

Chemical wares, 64 

Chemung formation, 158, 172, 177, 
205, 265, 276; thickness, 172 

Chemung group, 52 

Chemung sandstone, 20, 171, 174 

Chemung series, 166 

China, 51 

Chlorite, 213 

Chromite, 25 
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Churchville Oil & Natural Gas Co., 
IQI 

Clark Bros. Quarry Co., Fancher, 

W270 

Clark, Conroy & Co., Norwich, 279 

Claspka Mining Co., 74 

Clay, crude, 8, 9-11 

Clay materials, 47-64; 
54; references, 64 

Clay products, 7, 9-II 

- Clays, 20, 21, 237 

Cleary, John I., Albion, 276 

Clinton formation, 19, 53, 101, 188, 
191 

Clinton hematites, 130, 157 

Clinton limestones, 105, 166, 262 

Clinton sandstone, 276 

Clinton shales, 180 

Coal, futility of looking for in New 
Vi ork. 23 

Coastal plain province, 20 

Cobleskill dolomite, 217 

Cobleskill limestone, 263 

Coeymans formation, 265 

Columbia Pipe Line Co., 205 

Conglomerates, I9 

Connor, M. L. & Son, Walton, 278 

Consolidated Rosendale Cement Co., 
44 

Copper, 303 

Core sands, 235, 241 

Corkings, P., 232 

Corniferous limestone, 266 

Cortlandt series, 67 

Corundum, 17 

Crown Point Spar Co., 72 

Crushed stone, 249, 255, 256, 260, 
266, 267, 274, 279, 280 

Crystalline limestone, 150, 255, 256— 
58, 260, 209 

Curbstone, 248, 249 


production, 


Dannemora Granite Company, 253 

Delft, 64 

Deposit Stone Co., 278 

Devonian limestone, 265 

Devonian sandstone, 272, 276 

Diabase, 15, 20, 250, 280 

Diatomaceous earth, 8, 22, 64-66; 
references, 66 
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Diopside, 299 

Dolomites, 255, 258, 271 

Dominion Co., 288, 293, 2095, 296, 
297 

Dominion Natural Gas Co., 183, 184 

Dover Marble Co., 271 _ 

Drain tile, 47, 51, 52 

Draper & Porter, 232 

Drift, 21 

Drumlins, 21 

Dutchess County Lime Co., 271 


Earthenware, 51, 52, 63 

Ebsary Gypsum Co., 99 

Electrical supplies, 51, 63 

Ellenville Zinc Co., 305 . 
Emery, 8, 9-11, 66-69; references, 69 
Emery Pipe Line, 205 

Empire China Works, 63 

Empire Coarse Salt Co., 232 

Empire Gas and Fuel Co., 175 
Empire Gypsum Co., 99 

Empire Portland Cement Co., 40, 192 
Empire State Granite Company, 252 
Empire State Zinc 'Co., 305 

Enamel ware, 71 

Epidote, 122 

Eupyrchroite, 27 

Eureka Salt Co., Saltvale, 232 


Fair Haven Iron Co., 131 

Fallkill Iron Co., 125 

Feldspar, 8, Q-1I, 15, 17, 69-77, 150 
153, 210, 213; references 76- 

Ferro-silicon, 219 

Filter sands, 22, 241 

Fire brick, 47, 49, 52 

Fire sands, 22, 235, 241 

Fireproofing, 47, 51, 52, 59 

Flagstone, 248, 240, 273 

Flake Graphite Co., 89 

Fluorite, 15, 77-78, 150 

Flux, 248, 255, 256, 258, 260, 266 

Fords Brook Pipe Line Co., 205 

Fort Montgomery Iron Corporation, 
121 . 

Franklin Iron Manufacturing Co., 
131 

Front brick, 54, 59 

Frost Gas Co., 178 
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Fuller’s earth, 78-79 
Furnace flux, see Flux 
Furnaceville Iron Co., 132 


Gabbro, 15, 17, 251 

Gale, Thomas K., 232 

Galena, 16, 20, 140, 302, 306 

Garnet, 8, 9-11, 16, 79-85, 152; ref- 
erences, 85 

Gas wells, see Natural gas 

Gasoline, 8 

Geddes Coarse Salt Co., 232 

General Electric Co., Schenectady, 63 

Genesee Salt Co., Piffard, 232 

Geological map, 12 

Geology of New York, general fea- 
ture, 12-22 

Glass, manufacture, 219, 273 

Glass sand, 22, 235, 241 

Glazed brick, 71 

Glens Falls Portland Cement Co., 41 

Gneisses, I7, 104, 210, 215, 217, 255, 
271 

Gold sands of the Adirondacks, 24 

Goodwin-—Gallagher Sand and Gravel 
Corporation, 237 

Gouverneur Marble Co., 270 

Graham & Aylesworth, Oxford, 279 

Granite, 8, 9-11, 14, 17, 19, 106, 248, 
249, 250-55, 255 

Graphite, 7, 9-11, 16, 85-91, 216; ref- 
erences, QI 

Graphite Products Corporation, 89 

Gravel, 8, Q-II, 21, 225, 235 

Greigsville Mining Co., 223, 228 

Grenville limestone, 105, 255, 
270, 205 

Grenville gneiss, 211 

Grenville series, 14, 17 

Guelph dolomite, 262 

Gypsum, 7, 9-II, 20, QI—I01, 225, 227; 

_ references, IOI 

Gypsum belt, map of, 93 


256, 


Hamilton formation, 276 

Hamilton group, 52, 191 

Hartnagel, C. A., supervision of 
manuscript and preparation for the 
press, 5 

Helderberg Cement Co., 41 
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Helderberg limestone, 303 

Helderbergian group, 265 

Hematite, 16, 19, I0I, 105, 126, 156, 
157, 213 

Highland Solar Salt Co., 232 

Highlands province, 16 

Hollow blocks, 47, 51, 52, 59 

Hollow tile, 59 

Hoyt limestone, 259 ' 

Hudson River beds, 274 

Hudson River bluestone district, 278 

Hudson River sandstone, 272 

Hudson River shales, 53, 261 

Hudson slate, 18 


Igneous rocks, 15 

Ilmenite, 104, 106, 107 

International Agricultural Corpora- 
tion, 146 

International 
203, 204 

International Salt Co., 232 

Inwood limestone, 258 

Iron mines, map showing location, 
134 

Iron ores, 15, 18, 101-40; production, 
6, 9-11, 103; distribution, 104; ref- 
erences, 139 

Iroquois China Co., 63 

Iroquois Natural Gas Co., 175 


Pulp Co., 288, 2092, 


Johnson, P. J., 232 
Johnston & Rhodes Bluestone Co., 
Horton, 278 


Kalkberg limestone, 265 

Kendall Refining Co., of Bradford, 
Pa., 205 

Kenney Bros., Long Eddy, 278 

Kilpatrick Bros., Hancock, 278 

Kingston Iron Ore Co., 123 

Knickerbocker Portland Cement Co., 
41 


Lapp Insulator Co., Inc., Leroy, 63 
Lead, 140-43; references, 143 

Lehigh Salt Mining Co., 223, 228 
Leopold, J., & Company, 251 
LeRoy Salt Co., 232 

Leucopyrite, 28 
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Lime, 148, 218, 248, 256, 258, 260, 
266, 267, 271 

Limestone, 8, 9-11, 15, 17, 18, 19, 104, 
- 133, 158, 247, 248, 249, 255-68 

Limonite, 18, IOI, 105, 132, 156, 157 

Little Falls dolomite, 259 

Livonia Salt & Mining Co., 223, 228 

Locke Insulator Manufacturing Co., 
Victor, 63 

Lockport dolomite, 166, 180, 262 

Lowville formation, 173, 250, 260 

Lycoming Calcining Co., 99 


MacIntyre Iron Co., 115 

McNierney Bros., Oxford, 279 

Madison Pipe Line Co. of Wells- 
ville, 205 

Magnesia, 218 

Magnesian limestones, 271 

Magnetites, 15, 17, IOI, 104, 105, 100, 
120, 152 

Mahopac Iron Ore Co., 124 

Manganese ore, 143-45; references, 
145 

Manhattan Trap Rock Co., 280 

Manlius limestone, 263, 264 

Marble, 8, 9-11, 248, 249, 269-72 

Marcellus shale, 20, 160, 171, 172, 
176, 180, 189, I91, 226 

Marl, 8, 22, 145-49; references, 148 

Medina sandstone and shale, 20, 53, 
166, 168, 171, 172, 176, 178, 179, 180, 
183, 185, 186, 188, 189, 1090, I91, 
192, 272, .274-76 

Metallic paint, 8, 9-11, 157 

Mica, 15, 149-54, 210 

Micanite, 151 

Millen Portland Cement Co., 42 

Millstones, 8, 9-11, 154-56, 221; ref- 
erences, 156 

Mineral industries, value of products, 
6 

Mineral paints, 156-58 

Mineral resources, distribution, 12-22 

Mineral water, 8, 9-11, 158-62; ref- 
erences, 162 

Mining in New York State, natural 
limitations, 23 

Mohegan granite, 67, 253 

Mohegan Granite Company, 253 
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Molding sand, 8, 9-11, 235, 239-40 
Molybdenite, 15, 163-65 
Monumental stone, 248, 249, 251, 252, 
270 

Moore & Waite, 276 

Mount Summit Ore Corporation, 123 
Muscovite, 149, 151, 152, 153, 154 


Natural cement, 8, 9-11, 42-46; 263 

Natural gas, 7, Q-II, 20, 165-07; 
references, I07 : 

New Scotland formation, 265 : 

New York and New England Cement 
& Lime Co., 41 

New York Central Gas Co., 188, 189 

New York Fuller’s Earth Co., 78 

New York Pyrites Company, 212 

New York Transit Co., Olean, 205 

Newman, H. L. & W. C., 45 

Niagara dolomite, 275 

Niagara Gypsum Co., 100 

Niagara horizon, 179, 188 

Niagara limestone, 307 

North American Coal & Mining Co., 
305 

North River Garnet Company, 16, 81 

Northern Ore Co., 296, 297, 208 


O’Brien Brothers, 
stead, 237 

Ocher, 158 

Olean conglomerate, 18 

Oliver Mining Co., 108, 211 

Onondaga Coarse Salt Association, 
232 

Onondaga limestone, 20, 159, 171, 
172, 176,' 180, 185, 180, “19R) 22u, 
264, 265, 266, 303; thickness, 266 

Onondaga Pottery Co., 63 

Onondaga salt group, 225 

Ontario Gas Co., 190 

Ontario Iron Co., 132 

Ontario Talc Co., 293 

Opalescent glass, 71 

Ophicalcite, 269, 270 

Orchard Park Oil & Gas Co., 185 | 

Ordovician limestone, 259-62 

Oriskany sandstone, 172, 220 

Orleans County Quarry Co., 276 


Inc., Hemp- 
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Orleans Sandstone Co., Holley, 276 
Orpiment, 28 
Oswego sandstone, 173, 192 


Paints, 219 

Paleozoic province, interior, 18 

Palisades, 12, 20 

Pamelia limestone, 260 

Paper, talc used in making, 291 

Parrott Iron Co., 119 

Pass & Seymour, Inc., Syracuse, 63 

Pavilion Natural Gas Co., 188 

Paving blocks, 248, 251, 279 

Paving brick, 47, 51, 52, 54, 60 

Peat, 8, 22, 197-202; references, 202 

Pegmatites, 17, 69, 122, 150, 153, 154, 
253 

Petroleum, 7, 9-11, 20, 203-9; refer- 
ences, 209 

Phlogopite, 149, I50, I51, 153, 154 

Phoenix Lead Co., Patterson, N. J., 
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Phoenix Sand and Gravel Co., Ros- 
lyn, 237 

Picton Island Red Granite Company, 
251 


Platinum, 25 

Pleistocene and recent formations, 21 

Polishing sand, 235 

Pope Mills Graphite Co., 90 

Porcelain electric supplies, 51, 63 

Port Henry Iron Ore Co., 108 

Portage formation, 177, 265, 276 

Portgage group, 52 

Portage sandstone, 20, 171 

Portage strata, 172 

Portland cement, 7, Q-II, 37-42, 45, 
94, 148, 260, 267 

Potash, 8 

Potsdam Red Sandstone Co., 273 

Potsdam sandstone, 18, 193, 220, 272 

Pottery, 7, 9-11, 47, 52, 54, 63, 219 

Poughquag quartzite, 221 

Precious metals, not present in New 
York in workable quantity, 24 

Pressed brick, 52 

Producers Gas Co., 175 

Putnam County Mining Corporation, 
28 
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Pyrite, 6, Q-II, 16, 20, 124, 129, 209- 
18, 302, 306; references, 218 

Pyroxene, 150, 152 

Pyroxenite, 17 

Pyrrhotite, 16, 17, 210, 212, 215, 216, 
217 


Quartz, 8, 9-11, 15, 17, 150, 210, 213, 
218-21 


Quartzite, 17, 219, 220, 273 


Reed, Allen & Reed, 276 


; Remington Salt Co., Ithaca, 232 


Retsof Mining Co., 223, 228, 220 
Reynolds, William J., Roscoe, 278 
Riprap, 248 

Rock Glen Salt Co., 232 

Rock salt, 20, 96, 222, 225 


| Rock Salt Corporation at Portland 


Point, 223, 228 


| Rondout waterlime, 263, 282 


Roofing slate, 18, 157 
Rosendale cement, 37 


' Rossie Iron Ore Co., 128 


Rubber, manufacture, 292 
Rubble, 248, 274 
Ryan, M. A., 276 


St Lawrence Pyrites Company, 212, 
215 

St Lawrence quarries, 270 

St Lawrence Talc Co., 295 

St Nicholas Zinc Co., 296, 302, 304 

Salina beds, 225 

Salina belt, 227 

Salina formation, 20, 53, 96, 190, 263 

Salina series, 172 

Salina Solar Coarse Salt Co., 232 

Salina waterlime, 20, 171, 180, 185, 
189 

Salt, 7, 9-11, 20, 221-35; historical, 
222; occurrence, 223; map of dis- 
trict, 224; manufacture from brine, 
229; production, 232; references, 
234 

Salt Springs Solar Coarse Salt Co., 
232 

Sand, 8, 9-11, 20, 21, 225,.235-42; 
references, 242 
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Sand-lime brick, 8, 9-11 

Sandstone, 8, 9-11, 19, 220, 247, 248, 

_ 249, 272-81 

Sanitary wares, 64 

Schists, 16, 18, 105, 210, 215, 271 

Scorodite, 28 

Series of New York formation in 
order of occurrence, table, 13 

Serpentine, 30, 139, 270, 272, 299 

Serpentine marble, 269 

Sewer pipe, 47 

Shale, 19, 217 

Shaw, Herbert, Middletown, 278 

Shawangunk grit or conglomerate, 
154, 220, 235, 272, 276 

Shawangunk zinc belt, 300 

Siderite, 18, IOI, 105, 133 

Sienna, 158 

Silicon, 219 


Silurian strata, diagram indicating 


position, 95 

Silver, 303; in galena, 25 

Silver Creek Gas & Improvement 
Co., 178 

Slate, 8, 9-11, 18, 105, 242-47; refer- 
ences, 247 ; 

Slate pigments, 157 

Slip clay, 50 

Solvay Process Co., 42, 223, 232, 267 

South Buffalo Natural Gas Co., 166 

South Shore Natural Gas Co., 178, 
179 

Sphalerite, 16, 20, 302, 306, 307 

Sterling Salt Co., 223, 228, 229 

Stone, 8, Q-II, 247-50; references, 
281 

Stoneware, 50, 63 

Stoneware clay, 51 

Storm King granite gneiss, 17 

Strontianite, 281, 282 

Strontium, 20, 218, 281-83 

Sun Ray Spring Co., 305 

Syenite, 14, 106, 251, 252 

Syracuse Pottery, 63 


Tables, mineral production of New 
York, 9-11; series of New York 
formations, 13; manufacturers of 
natural cement, 44, 45; cement, 46; 
analysis of shales, 53; 


building 
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brick, 56; output of common brick 
in Hudson River region, 57-58; 
emery, 67; feldspar and quartz, 72; 
garnet, 84; gypsum, 92; analyses 
of New York gypsum, 98; iron ore, 
103; millstones, 156; natural gas, 
169; petroleum, 203; salt, 232; sand 
and gravel, 242; slate, 246; stone, 
248-50; analyses of limestones, 257, 
258-68; talc, 285; analyses of talc, 
286 

Taconic province, 17 

Talc, 7, 9-11, 16, 283-95, 299; refer- 
ences, 205 

Terra cotta, 47, 49, 54, 71 

Terra cotta lumber, 59 

Thomas Iron Co., 123 

Tide Water Pipe Co., 205 

Tilly Foster Iron Co., 124 

Titanite, 150 

Titanium, 17 

Tobacco pipes, 64 

Tourmaline, 150 


.Trap, 8, 9-11, 20, 248, 249, 250, 279-81 


Travis Stone Co., 278 

Tremolite, 299 

Trenton limestone, 20, 159, 168, 171, 
173, 180, 192, 193, 196, 259, 260, 261, 
271, 300 

Triassic sandstone, 279 

Tribes Hill limestone, 259 

Tri-County Natural Gas Co., 189 

Tripoli, 64 ; 

Tully limestone, 226, 227, 265, 267 

Turk’s Island Coarse Salt Co., 232 


Uniform Fibrous Talc Co., 288, 292, 
204 : 

Union Pipe Line Co., 205 

Union Porcelain Works, Brooklyn, 
63 

United States Gypsum Co., 100 

United States Talc Co., 292 


Vacuum Oil.Co., Rochester, 205 
Verd antique, 269, 270 

Vernon shales, 96, 158, 225, 226 

Vincelli, Thomas, Hulberton, 276 
Vincent Stone Co., 276 
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Wallkill Portland Cement Co., 39 Witherbee, Sherman & Co., 26, 108, 


- Wappinger limestone, 18 IIO, III 
Warren County Garnet Mills, 81 Wolcott limestone, 188 
Watkins Salt Co., 232 Wood-filler, 219 


Wayne Iron Ore Co., 132 
Weber Electric Co., 63 
Wernerite, 150 

Western Coarse Salt Co., 232 
Whirlpool sandstone, 173 
White, John, & Son, 232 Zinc, 23, 296-307; references, 307 
White Crystal Marble Co., 270 Zinc ore, production, 6, 9-11 
Wisconsin Granite Company, 251 Zinc-pyrite, 16 


Worcester Salt Co., 232 


Yonkers gneiss, 253 
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